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SUMMARY
The magnetic properties of the forty-five complexes 
prepared in this work have “been measured in the temperature 
range 80-i|-50oK. Thirty of the compounds are reported for 
the first time while only two have been previously 
investigated over a range of temperatures.
The majority of complexes have been derived from 
divalent copper halides and heterocyclic ligands containing 
two heteroatoms.
The complexes of heterocyclic ligands are discussed in 
three groups
(a) Binuclear alkoxy-hridged chelate complexes 
of 2-(oc-hydroxy alkyl) benzimidazole ligands, 
the magnetic properties of which obey the 
Bleaney-Bowers equation;
(h) Polymeric complexes involving either or
both halide and heterocyclic ligand bridges, 
which are magnetically described by the Fisher 
equation;
and (c) Monomeric heterocyclic ligand adducts of
simple copper(II) salts for which the Curie­
-Weiss Law is found applicable.
The complexes of group (a) are strongly magnetically
interacting and those of group (b) are moderately to weakly 
interacting.
U
Two diamagnetic copper(ll) complexes and two copper(l) 
complexes of heterocyclic ligands are also reported.
Eight copper(II) complexes of tridentate Schiff-bases 
are discussed. These complexes are magnetically normal when 
hydrated or solvated, and magnetically interacting when 
anhydrous. Several partially dehydrated species are discussed 
in terms of their magnetic properties being a composite of 
both paramagnetic and antiferromagnetic entities.
Structures are proposed for all complexes on the basis 
of the observed magnetic properties, and where applicable 
the proposed stereochemistries are supported by reference to 
visible-near infra-red reflectance spectra.
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I N T R O D U C T I O N
This work is concerned with the magnetic behaviour of 
bivalent copper. It is thus necessary at the outset to 
discuss the chemically important aspects of magnetism.
The flux density, B, in a medium is given by
b = h + 4 'rr i ...................(1 )
where H is the magnetic flux in vacuo and I is the intensity 
of magnetization.
According to the sign and magnitude of I, materials may 
be classified as diamagnetic when I is negative or para­
-magnetic when I is positive, with ferromagnetism and 
antiferromagnetism special cases of paramagnetism.
The ratio I/H is the volume susceptibility, k, and from 
k the gram and molar susceptibilities, \ g  a n d ^  respectively
are calculated;
H g  = k/density ................. (2)
= ^ g  x Mol. Wt. ................. (3)
Diamagnetism: This is a property of all matter and is
independent of temperature and magnetic field strength. 
Diamagnetism arises from the motion of electrons in closed 
shells. In a magnetic field the electrons generate a small 
opposing magnetic field conforming to Lenz's Law.
Atomic diamagnetic susceptibility is proportional to the 
mean of the squares of the radii of the projections of the 
orbits perpendicular to the applied field. Molecular
diamagnetic susceptibility is the sum of the atomic 
diamagnetic susceptibilities modified by contributions 
arising from bond type, single or multiple, and the chemical 
environment of the atoms e.g. the diamagnetic contribution of 
a carbonyl oxygen differs from that of oxygen is an ether.
Paramagnetism: Paramagnetism arises from the motion of 
unpaired electrons. Unpaired electrons have associated with 
them spin and orbital angular momenta which confer on the 
atom a permanent magnetic moment.
With the application of an external magnetic field two 
opposing factors influence the orientation of a magnetic 
dipole with respect to the field. These are:-
(i) the parallel ordering of dipoles in the direction 
of the field
and (ii) randomization due to thermal agitation (the kT effect).
iThe Curie Law expresses the temperature dependence of
susceptibility.
«  C / T  ................................................(¿4-)
The Curie-Weiss Law is
tn = c/ ( t  + e) .................................. (5 )
where © is the Weiss Constant and is the intercept, on the 
temperature axis, of a plot of inverse susceptibility against 
temperature.
2The Curie Law may be derived from the Van Vleck equation 
(6) which expresses the molar susceptibility as
4
t - N S , [ ( Q 2A t  -  (2e“ ) 1 ««pf E"/>T) 
"  ' $ J "  EXI>(-E“ /kT)
where N = Avagadrofs Number
k = Boltzmann Constant
T = Absolute temperature
(6)
and
gn = is the spin degeneracy of level n
E = E ̂  + E W H + E (i) H2 nm nm nm nm (7)
and
The total energy E in equation 7 is made up of
(o)En the unperturbed multiplet separation,
(0 
nm
E_^ the second order Zeeman effect energy.
EAL the first order Zeeman effect component level energies
nm
The contribution of the second order Zeeman effect is 
generally small and temperature independent. It may be 
written as oC , such that the molar susceptibility is more 
simply referred to as
.  N ? . f E ' l ) Z/kT ««pftW/fc-r)
4- NcC (8)1 9-n exp(-E<7kT)
For the simple case of an isolated atom with one unpaired 
electron S Enm = -¿g/0 and g^ = 2S+1 = 2. (*Auy)
Thus ^  _  N [(l^ / / k T  +  (-¿^//kT] exp(-E^/kT)
M  ̂ (o+ 2)  expfE^/kT)
by cancellation and collection of factors
kkT
since N,g, p  and k are constant
%* = °^T
F I G U R E  1
Russell-Saunders Coupling Scheme
Si
A S=1
A
Sj S = 0
s.s. coupling - two spins aligned S=1, ̂ tJ two spins opposed S*0.
L=0
1.1. coupling - Resultant L* ̂ t3
SL coupling - Resultant J.
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The permanent magnetic moment , of unpaired electrons
may he of twofold origin. Both the spin and orbital angular
momenta may give rise to magnetic moments.
In multielectron atoms the individual s. of electrons1
couple to give S the total spin angular momentum and similarly 
1^ add vectorially to give L the total orbital angular 
momentum for the atom. The resultant S and L vectors may 
further couple to give J, the inner quantum number, which is a 
measure of the total angular momentum of the atom. These
3interactions are known as the Russell-Saunders coupling 
scheme and are illustrated in Figure 1 .
Spin-orbit coupling may be weak or strong compared with, 
or of the order of, kT. For each case a different expression 
is used to calculate the magnetic moment.
For weak SL coupling the vectors S and L contribute 
independently and the magnetic moment is expressed as
-X2 = L(L + 1) + + 1) ........... (9)
For strong SL coupling, J is a valid quantum number and 
is used to express magnetic moment as
/A. = g f J(J + 1)J & ........... (10)
where g is the gyromagnetic ratio - the ratio of the magnetic 
moment to the total angular momentum.
g = 1 + J(J + 1) + S(S + 1) - L(L + 1) ........ (11)
2j (J + 1)
F I G U R E  2
d xi \\~
SquarePlanar
Ligand field splitting of 3d orbitals for various field geometries.
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With the exception of Sm\k?S) and E u (i+f*) the
lanthanides exhibit magnetic moments closely corresponding 
to equation 10.
Where spin-orbit coupling is comparable to kT the magnetic 
properties become complicated functions of temperature.
For complexes of the first transition series of elements, 
with the exception of cobalt, equation 9 reduces to
In a ligand field the magnetic moment due to orbital 
angular momentum may be reduced when orbital degeneracy is 
lifted.
Orbital degeneracy is visualized as the ability of an 
orbital to transform, by rotation about an axis, into a 
similar orbital of equal energy. The various orbital 
orientations lead to different orbital energies in a ligand 
field. The orbitals then become non-equivalent and inter­
-orbital transformations are precluded. This reduces the 
orbital contribution to the magnetic moment.
The splitting of the five 3d orbitals in various ligand 
field geometries is shown in Figare 2. In Table 1 magnetic 
moments calculated from equations 9,9a and 10 are compared 
with those observed for the first transition series elements.
Orbital angular momentum, L, defines the electronic term. 
Where L = 0,1 etc the term is designated S,P,D,F,Gf, etc.
(9a)
TABLE 1
ELEMENT
AND
VALENCY
Spectros­
copic 
Nomai State
No Electron Pairing Electron Pairing
Free ion, or if using higher 
Bonding orbitals 4s4p*, 4s4pJ 4d
yu, (B.M.)
Observed
£
S.dsD2 O C Td2SDS /¿(B.M.)
ObservedL S Jo
Calculated From
gl/j(j+1)‘ 4S(S+1) v4s(s+l)
î f & ï t f
'so 0 0 0 0 0 0 Dia. 0 0 Dia.
3!Iï v TTTiV CrMrr *Dft 2
1
2 32 1.55 3.01 1.73 1.7-1.8 1.73 1.73 1.7-1.8
3r ur or izr TiV CrFe 3 1 2 1.63 Ì4.Ì+9 2.83 2.8-3.1 2.83 2.83 2.8-3.1
2T Y  Îî V Mn Cr % 3 3X 32. 0.70 5.21 3.87 3.85-3.90 3.87 3.87 3.85-3.90
« S' Cr Mn Fe 2 2 0 0.0 5.50 4.90 4.8-4.9 4.90 2.83 2.9-3.1
Cr MifPe1 S 0
s'2 ?a 5.92 5.92 5.92 5.85-5.95 3.87 1.73 2.1-2 .ij.
Mn Fe1 Co331 % 2 2 6.71 5.50 4.90 5.0-5.6 2.83 0 Dia.
3T UTCo Ni" % 3
3
2
3
Z 6.63 5.21 3.87 4.3-5.3 1.73 1.73 1.9-2.4
T t ICo Ni Cu % 3 1 4 5.59 4.49 2.83 2.9-3.4 0 0 Dia
orCu
Df/z
2 12 5 .2 3.55 3.01 1.73 1.9-2.1 1.73 3.87 1.9-2.4
x or Cu Zn 's . 0 0 0 0 0 0 Dia 0 0 Dia.
F I G U R E  3
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STATES V  "
Generation of Terms, States and 1st & 
2nd Order Zeeman Effects for a 3d2 ion.
1ST ^ 
ORDER 
ZEEMAN 
EFFECT 
(magnetic 
field)
2ND
ORDER
ZEEMAN
EFFECT
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2S+1In the accepted notation terms are written L, where 2S+1 
is the multiplicity *
The components of a multiplet, referred to as states,
2S+1are defined as Lj. Each component of a multiplet is 
distinguished by a different J value.
In a magnetic field a state splits into 2J+1 component 
levels. The energy separation between adjacent component 
levels is gpH. This splitting in an external magnetic field 
is known as the first order Zeeman effect. Figure 3 shows 
the successive splitting train under the various perturbations.
Temperature Independent Paramagnetism: A small 
contribution to the paramagnetic susceptibility arises from 
the second order Zeeman effect. The second order Zeeman 
effect may be regarded as an electron perturbation produced 
by the imposed magnetic field. All first order Zeeman split 
sublevels of the ground state are lowered in energy by an 
amount proportional to the square of the field strength. 
Although the energetic centre of gravity is not maintained 
within a state, it is maintained overall by the corresponding 
energy increases of higher lying states. The interaction 
just described is often referred to as mixing into the ground 
state some of the character of a higher state. The thermal 
inaccessibility of the higher states with respect to the 
ground state makes this interaction temperature independent.
12
For divalent copper, values of T.I.P. ranging from
—6 U—80-160 x 10" C.G.S. units have been observed. Martin and
Waterman^ report for a series of binuclear copper(ll) formate
adducts with heterocyclic amines, T.I.P. = 1 6 8 - 1 0 x 1 0 *
C.G.S. units.
In this work, where it was not possible to determine
—6experimentally T.I.P., the accepted value of 60 x 10 C.G-.S.
units was used.
Ferromagnetism: Ferromagnetic materials are characterized 
by large, positive, field strength dependent magnetic 
susceptibilities. Ferromagnetism arises from interactions 
which lead to parallel spin alignment. Ferromagnetism reverts 
to paramagnetism above the Neel temperature, T^, as a result 
of thermal agitation which destroys the parallel spin 
alignment.
Recently trinuclear bis(acetylacetonato)nickel(ll) was 
shown to couple spins in a ferromagnetic fashion at very low 
temperature (ie. 0-10°K)10. This is the first reported 
ferromagnetic complex.
Antiferromagnetism: Similarly to ferromagnetism, anti­
-ferromagnetism is a cooperative phenomenon. However spins 
are coupled in an anti—parallel fashion with subsequent 
lowering of magnetic susceptibility.
Anti ferromagnetism in Mn0,Fe0,Co0 and NiO may be
13
imagined as two interpenetrating ferromagnetic lattices of
11opposite spin. Kramers explained the antiferromagnetic 
interaction in terms of superexchange. In superexchange, 
antiferromagentic exchange interaction, (antiparallel spin 
alignment), utilizes intervening diamagnetic atoms or groups 
of atoms.
A measure of the magnetic interaction is J, the exchange 
integral or exchange coupling constant. By convention for 
antiferromagnetics the energy level with opposed spins lies 
lowest and J is negative. For ferromagnetics spins are 
parallel and J is positive.
14
Antiferromagnetism in Polynuclear Complexes 
Polynuclear transition metal complexes often display 
magnetic properties which arise from spin coupling interactions 
“between the metal atoms. The number of interacting metal 
atoms is sometimes indicated by the manner in which the 
magnetic susceptibility varies with temperature.
Spin coupling lowers the magnetic susceptibility of a 
polynuclear complex below that observed for complexes 
containing isolated metal atoms. The reduction of magnetic 
susceptibility and magnetic moment is most strikingly 
observed in the case of interacting divalent copper atoms.
12—1 5The copper(ll) alkanoates ^ have been extensively 
studied and form a series which exhibits similar magnetic
g  ̂̂  -j -7
behaviour with the exception of the formates 9 9 .
Copper(ll) acetate m o n o h y d r a t e = 1 *k B.M. at room temper­
ature, is the most documented example of the alkanoate 
complexes.
The low moment of copper(II) acetate monohydrate was
18first reported by Lifschitz and Rosenbohm • A temperature
1Qvariation study by Guha ^showed a susceptibility maximum at 
about 270°K. This system was later reinvestigated by Foex 
et al.20 and Figgis and Martin12 who confirmed the work of 
Guha.
The antiferromagnetic exchange interaction was
15
F I G U R E  4 * General structure of copper (II) alkanoates
.0--- M
R --- C R--- C/
M
0
M
.0
r— c;
'0---- M ‘0------- M 0
syn-syn anti-syn anti-antin t f o
F I G *  5 b -  Bridging a r r a n g e m e n t s  of the carboxyl  group.
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Qinterpreted by Bleaney and Bowers as occuring between 
isolated pairs of copper(II) atoms. This situation allows 
a spin coupled (S=0) singlet state, and a spin parallel (S=1) 
triplet state.
Application of the Van Vleck equation (see page 4 ) to 
the energy levels gives the expression
\  2 [l + i exp(2j/kT)J -1 ........ (12)
which describes the antiferromagnetic behaviour of a binuelear 
cluster of bivalent copper atoms. The energy separation 
between the singlet and triplet states is 2J.
The assumption of Bleaney and Bowers, that isolated
pairs of ions are involved in the interaction, was confirmed
2 1 -22by an X-ray structure analysis . The general structure 
of the dimeric copper(II) alkanoates is shown in Figure 4 .
The exchange interaction in copper(II) alkanoates was
explained in terms of a direct metal-metal 8-bond involving
2 2 23 2Ilthe dx -y orbitals of the pair of copper atoms 9 . The
S-bond was justified by the short metal-metal separation of
2.&|A in dimeric copper(II) acetate monohydrate compared with
2.56A in copper metal. The S-bond is shown schematically in
Figure 5a.
There are three types of metal-carboxyl-metal bridging 
arrangements (see Fig. 5b). The syn-syn arrangement occurs 
in copper(IX) alkanoates other than the formates. The two
17
FIGU RE 6
Structure of acetylacetone-mono-(o-hy&roxyanil) copper(II) •
18
dimensional polymeric layer structure of copper(II) formate
25tetrahydrate has anti-anti carboxyl bridges ^and the complex
16exhibits antiferromagnetic exchange interaction • The large
distance of 5.8A between the copper atoms in each layer as
well as the interlayer distance of 6.2A preclude direct
metal-metal bonding. The observed antiferromagnetism was
16explained by Martin and Waterman as occuring via Kramers’
11superexchange through carboxyl bridges in the anti-anti 
conformation. The anti-syn arrangement is not known to 
exhibit exchange interaction.
The complexes of copper(II) -dicarboxylates and their
26,27amine adducts have been shown to behave as antiferromagnets . 
The lower members of the series, copper(ll) oxalate and 
malonate, do not conform to the trend, shown by higher members, 
toward isolated binuclear units in an alkyl chain bridged 
polymeric structure. Copper(II) malonate is magnetically 
normal2"̂. Copper(II) oxalate is polymeric and its magnetic
behaviour was described by an expression derived by
2BBarraclough and Ng on the basis of the Ising spin model.
Further antiferromagnetic binuclear copper(II) complexes
not involving carboxyl bridges have been reported. The most
notable are the Schiff-base complexes exemplified by
29acetylacetone—mono— (o—hydroxyanil)copper(II) which has been
shown, by X—ray crystal structure analysis, to have the
19
FIGURE 7
a: Parent Schiff-base complex used 
as chelating ligand.
b: Binuclear complex.
Cl
Cl
2 +
(e °;) 2
c: Schematic 
representation of 
trinuclear complex*
c 2 r
structure shown in Figure 6 Recently Hatfield and
31Inman correlated experimental data with a theoretically 
derived equation for acetylacetone-mono-(o-hydroxy-5-nitroanil) 
copper(II), which deviates from the Bleaney-Bowers equation 
(12), by taking into account that in this compound two 
binuclear units form a weakly bonded tetramer.
For a series of Schiff-base copper(ll) and nickel(ll)
32—35complexes Gruber, Harris and Sinn used a parent monomeric
complex, shown schematically in Figure 7a, to prepare binu- 
-clear (Fig. 7b) and trinuclear (Fig. 7c) complexes. The 
parent complex acts as a bidentate chelate and the resultant 
polynuclear clusters need not necessarily contain the same 
metal throughout.
On examination of Figure 7 it is obvious that the 
co-ordinating power of the chelate complex (a) lies between 
that of chloride and perchlorate. Whether the "second” metal 
is introduced as a chloride or perchlorate determines the 
formation of binuclear or trinuclear clusters respectively.
Antiferromagnetic exchange interactions were observed 
in these complexes with the exception of:-
(i) binuclear complexes containing a paramagnetic and 
a diamagnetic metal,
(ii) trinuclear complexes with a "central” paramagnetic 
metal and two terminal diamagnetic metals,
21
FIGURE 8
Structure of dichloro(pyridine-N-oxide)copper(II) .
and (iii) trinuclear complexes with terminal paramagnetic 
metals linked "by a diamagnetic metal.
Heterocyclic N-oxide complexes with copper(ll) chloride 
and bromide form a large sector of the literature concerning 
antiferromagnetic binuclear copper(ll) complexes. Most of 
the complexes correspond to an empirical formula jCuIX^j 2 
where L = heterocyclic-N-oxide. The structure of dichloro 
(pyridine-N-oxide)copper(II) is shown in Figure %  The
N-oxide complexes of copper(il) have recently been reviewed 
by W a t s o n * ^ w i t h  over one hundred complexes cited.
39Kidd, Sager and Watson have prepared a complex with 
empirical formula Cu^I^Clg » where L = 2-picoline-N-oxide. 
They postulate a linear, trinuclear halogen bridged structure 
similar to that reported for Jc u -j(CH-jCN) ̂  Cl^j
Hydroxy and alkoxy-bridged polynuclear complexes of
bivalent copper are also known. The hydroxy-bridged complexes
himay be magnetically normal or moderately interacting 
antiferromagnets^^,^0> wheras alkoxy-bridged complexes are 
generally strongly demagnetized^ ^-5,80^ ^as -̂ een 
suggested^ that copper(ll) methoxide forms a linear polymer 
similar to that of anhydrous copper(II) chloride. Binuclear 
structures have been proposed for di-^t— alkoxo—bis(3“*&lkyl— 5*“ 
-methylsalicylaldehydato)dicopper(II) (see Pig. 9a) , and
N- f~2-(2-hydroxyethylthio)phenylj -i+-toluenesulphonamidato-
a: Structure proposed for *<li_^_alkoxo-Ms (3-alky 1-5-methylsalicylaldehydato)
r  ̂ dicopper(II)
"H3
Id: Dimeric structure pro­
p o s e d  for N-[2-(2- 
hydroxyethylthio) phenyl] 
-Ii.-toluenesulfonamidato- 
-copper (II) -bisethanol. 
Ethanol molecules are 
not shown.
c: Schematic representation of 
the trimer derived from h 
above.
/
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-copper(II) bisethanol (see Pig. 9-b)^5. The removal of two 
moles of ethanol from the latter compound gives a triangular 
trinuclear complex (see Fig, 9c)^. An apparently 
magnetically normal tetranuclear copper(II) cluster involving 
"bridging oxide and chloride ions has "been described "by 
Bertrand and Kelley^’®1.
Anhydrous copper(II) halides are infinite linear 
antiferromagnets involving halogen bridged copper atoms^.
The magnetic behaviour is described by an expression derived 
independently by Fisher^*^ and Katsura^, such that:-
% =  Xh %n +  2/3 X J. ............ (1 3)
%\\= Nĝ 2 A|) i q j p
Y  , _ Ng2^  2
A'1  4|j]
j
kT
exp(2<J/kT)
tanh + J sech2(j/kT)
kT kT J
(1 3a)
(13b)
50Martin, Nyholm and Stephenson*' and Inoue, Kishita and 
51 52Kubo^ and more recently Achiwa have prepared complexes of 
the type MMfX^ in which M is an alkali metal, M 1 is divalent 
Mn,Fe,Co,Ni,Cu or Zn and X is fluoride, chloride or bromide. 
The copper complexes are known to contain binuclear halogen 
bridged units of E u2xe] The deviation of experimental 
susceptibilities from the Bleaney-Bowers equation (12) was
explained in terms of weaker interactions between binuclear
51units to form a weakly bonded polymer . A modified form of
25
equation (12), namely,
% M = Ng2^ *  £l + i exp(2j/kT)J - 1 + NoC ........................(1i+)3k(T-6)
is used to describe the magnetic "behaviour. Inoue et al.
define © as Mthe Weiss constant that takes into account the 
spin interaction "between the dimer ions"“̂  . Achiwa^ however, 
describes CsCuCl^ as a spiral polymer.
Interacting polynuclear complexes of transition metals 
other than copper include those of 1,3-diphenyltriazen with 
nickel(ll), palladium(ll) and copper(ll) which have structures
5|isimilar to that of copper(II) acetate ; di-YT-cyclo-
55-pentadienyltitanium(lll) chloride , a halogen "bridged dimer;
56 57and "binuclear oxovanadium(lV) complexes of Schiff-bases 9
58 •and aliphatic and aromatic acids*' . The trimeric 1 acetates"
59of chromium(lll) and iroi^IIl) have also been characterised^ .
Blake et al.^°~^2 have purposely chosen nitrogenous heterocyc-
60—lie ligands, exemplified by pyridine-2-aldehyde azine , to 
prepare binuclear nickel(Il) complexes as well as tetra-/-*y 
-methoxy-tetrakis £ salicylaldehydato(ethanol)nickel(II)]
Anomalous magnetic properties do not always indicate 
antiferromagnetic interactions. Deviation from Curie—Weiss 
Law behaviour may arise from the presence of a temperature 
dependent equilibrium between high and low spin states of the 
same monomeric complex. In a number of N,N!-substituted
26
dithiocarbamates of iron(lll) the anomalous magnetic propert-
¿T 7 C.—J
-iesD " ' are attributed to the thermal distribution 
between spin states (t23ge*) and ^ 2 ^ 2 ^ 68“^°. This is 
often termed the crossover anomaly.
Examples of iron(ll)71-78 and cobalt(II)77,78 complexes 
which exhibit the crossover anomaly are dithiocyanatobis 
(2,2f-bipyridyl)iron(ll)^2 and bis-(2,6-pyridindialdihydra- 
-zone) cobalt(II) iodide^.
27
D I S C U S S  I O N
28
FIGURE IO
(j)
29
The ligands shown in Figure lO(a-j) and listed below 
are representative of those used in preparation of complexes 
for this work. The 0, N and S containing heterocyclic 
ligands are as follows
(a) 2-hydroxyalkylbenzimidazole
(b) N-methy1-2-hydroxyalkylbenzimidazole
(c) 2-phenoxymethylbenzimidazole
(d) 2-thiomethylbenzimidazole
(e) benzimidazole
(f) quinoxaline
(g) benzoxazole
(h) 2-mercaptobenzoxazole
(i) 2-mercaptobenzthiazole
(j) 2 ,2 *-dithiobisbenzothiazole
Table 2
Room Temperature Magnetic Data for Complexes cuiTx"
Liffand (L) _x 106lj l (fZii T °K
( a.)2-hydroxymethyl-Bzv ' Cl 3.4 6 955 1 . 5 0 291
Br .94 480 1 .0 6 292
Cl .96 440 1 . 0 3 2962- oc-* hydroxy e thyl-B z
Br .9b 485 1 .0 9 295
Cl .09 230 .74 293N-methyl-
Br 1.19 550 1 . 1 4 295-2-hydr oxyme thyl-B z
c h3c o o ^d; 1 .10 550 1 . 1 5 297
Cl .15 240 .76 299N-Methyl-
Br* ; .03 240 .76 298-2-cc-hydroxyethyl-Bz
OH .31 300 .85 298
Cl .02 240 • 76 2982-hydroxybenzyl-Bz
2(^ -hydroxy-n-propyl)-Bz Br^) 3.21 1290 1.74 291
Dihromohis I2 (oc-hydroxy isopropyl)
— 1.85 1500 1.88 291
(a) Bz _ Benzimidazole (b) monohydrate (c) hemihydrate
31
Bivalent Copper Complexes of 
Ionic Heterocyclic Ligands,
The complexes derived from 2 (oC-hydroxyalkyl)benzimidaz-
P M  mm mm-ole and copper(ll) Bromide, chloride and acetate, CuL~X~, 
have not previously "been reported. The majority of complexes 
are readily isolated in the anhydrous form (see Experimental), 
and range in colour from green to blue. They are stable to 
heating to approximately 2kO°G, are insoluble in common 
organic solvents and water, and are generally strongly 
magnetically interacting.
The ligands (Pigs. 10a and b) are ionised by deproton- 
-ation of the hydroxyl group rather than the secondary amino 
nitrogen. The hydroxyl deprotonation is indicated by the 
uniformity of magnetic behaviour and physical properties of 
complexes derived from both unmethylated and N-methylated 
ligands.
The magnetic properties of all complexes were studied 
in the temperature range 80-400°K and representative visible­
—near infrared reflectance spectra were obtained. Room 
temperature magnetic data are listed in Table 2.
The temperature variation of the magnetic susceptibility
of the series of complexes follows that expected for
binuclear clusters. The experimental data are consistent
8with those predicted by the Bleaney-Bowers equation.
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Table 3
Values of g, Tc and 2J for Complexes CuL~X<
LIGAND (L) X _g Tc°K 2J
2-hydroxymethyl-Bz ̂
- 1cm Kcal/Mole
Br 2.00 530 589 1 .68
2-ûMbtydr oxy e thy 1-Bz Cl 2 . 1 0 540 600 1.71
Br 2.05 480 534 1.52
N-methyl-2-hydroxymethyl-Bz Cl 2.00 900 1001 2.86
Br 1.73 320 356 1 . 0 1
(D)CH3C00 2.05 450 500 1.43
N-methyl-2-<£-hydroxyethyl-Bz Cl 2 .1 0 730 812 2.32
Br^c' 2.00 800 890 2.54
OH 2 .1 0 650 723 2.06
2-hydroxybenzyl-Bz Cl 2.00 1050 1168 3.34
(a) Bz = Benzimidazole (b) monohydrate (c) hemihydrate
* All attempts to achieve g ^  2.0 did not give reasonable 
curve correlation. The two sets of data in Figure 15g 
show the data to he consistent for different samples.
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In cases where it was not possible to reach experimentally 
Tc, the temperature at which the maximum susceptibility 
occurs, this parameter (Tc) was chosen by comparison of the 
obtained susceptibility data with that of a family of curves 
derived from equation 12. The resultant theoretical magnetic 
susceptibility and moment curves are shown in Figures 1 5 a to 
15m with the appropriate experimental data from Table i+(a-m) 
superposed.
From the list of magnetic exchange integral values,
Table 3, there appears no particular trend in the manner in
which 2J varies with substituent changes in the substituted
benzimidazole ligand. However it is noticeable that in the
chloride complexes the magnetic exchange is stronger than in
the corresponding bromide complexes. This order is the
28reverse of that noted in anhydrous copper(II) halides 
where the halide ions are responsible for the bridging 
between adjacent metal sites. This order of magnetic exchange 
interaction is important when postulating a bridging arrange- 
-ment for the present complexes. From the trend mentioned 
it may be inferred that, with reference to the reverse order 
in anhydrous copper(ll) halides, halide bridges are not 
utilized.
For this series of complexes it appears that alkoxy 
bridges are responsible for the aggregation into binuclear
co
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units. Substantiation of this statement comes from previous 
work involving alkoxy bridging arrangements where high values 
of the exchange integral were Copper(ll)
complexes structurally closely related to the complexes of 
this discussion are those of N,N-disubstituted etlanolamines°^ 
and 2-pyridylmethanol ^ with copper(II) halides for which 
binuclear structures have been suggested.
The structure proposed for the complexes of this work 
is the binuclear, alkoxy bridged type shown in Figure 11. 
The formation of a five-membered chelate ring and trico­
-ordinate (bridging) oxygen atoms are features common to
many binuclear clusters, and particularly Schiff-base
85 j I)i )} Rcomplexes, several alkoxy bridged complexes * , and N-
-oxide complexes37-38.
82Brubaker and Wicholas , from studies of copper(II) 
alkoxides and haloalkoxycopper(II) complexes, report the 
bridging alkoxy C-0 stretching frequency of 1030-1014*0 cm-1
and the terminal alkoxy C-0 stretching frequency at 1060­
- 1- 1 1 3 0  cm . Representative complexes of the series studied
-1  -1gave absorption peaks between 101+0 cm and 1130 dm , the 
range quoted for terminal alkoxy groups. Although the C-0 
stretching frequencies observed are not within the 1030-1014-0 
cm range, the discrepancy may be due to the structural
differences between the simple aliphatic alkoxides described 
by Brubaker and Wicholas and the chelating, benzimidazole-
36
-substituted alkoxides of the present work.
The uniformity in magnetic behaviour of the complexes 
is apparent in the adherence to the Bleaney-Bowers equation 
(equation 1 2 ), the large values of 2j, and often, experiment­
-ally observable N oc ♦ However two complexes, the copper(II) 
chloride and bromide derivatives of 2-hydroxymethlybenz- 
-imidazole, deviate from this trend.
Both complexes correspond to the empirical formula 
2+  -  -Cu L X  which is shared by the other members of the series. 
The chloro complex was the most difficult to prepare as an 
analytically pure entity. Magnetic exchange interaction is 
much less pronounced in this complex and where % ^ f increases 
with increasing temperature for the majority of the complexes, 
X ji* decreases in an almost paramagnetic fashion for the 
chloro complex. However the magnetic moment varies from 
1.0B.M. (80°K) to 1.6 B.M. (350°K), sufficient to indicate 
some form of magnetic interaction.
The experimental susceptibility data were compared with 
Bleaney-Bowers^ and Fisher^*^ equations as well as various 
combinations of the Curie Law with these two equations. No 
reasonable comparison was achieved.
The fact that no satisfactory fit was obtained may mean 
that the interacting component of the susceptibility deviates 
from ideal behaviour, thus defeating attempts to correlate 
experimental and theoretical features. Deviations from the 
Bleaney-Bowers equation were for example observed by Hatfield
\ 
/
37
F IG U R E  12
Possible polymeric structure for the complex 
2-hydroxymethylbenzimidazolatocopper(ll) chloride.
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and Inman ; similarly deviations from the Fisher equation 
might he expected from short chain polymers where the "end 
effect” adds an amount of paramagnetism as noted hy Kohayashi 
et.al86.
A polymeric structure (Figure 12) is tentatively proposed. 
The mixed bridging arrangement of the proposed polymer may 
account for the unusual magnetic behaviour.
The bromo complex is almost certainly a binuclear, 
alkoxy bridged complex. The temperature variation magnetic 
susceptibility plot exhibits a maximum and two minima in the 
region 140-180°K (see Fig. 15fc). The "ripple” in the curve 
is sufficiently large not to be experimental scatter and was 
reproduced with a separate sample of the complex. The rise 
of magnetic susceptibility below the anomaly described is 
consistent with the presence of slight paramagnetic 
impurities in the complex. The amount of paramagnetic 
impurity is greatly exaggerated in the curve since
the susceptibility of the complex is approaching Hoc . A 
second preparation of the complex was attempted, however the 
product obtained was insufficiently pure to be used to 
resolve the origin of the "ripple”.
The remainder of the susceptibility curve is quite 
similar to that of the other binuclear complexes and it is
31
39 F I G U R E  13
The three possible polymeric structures for bromo-2 (p-hydroxy- 
-n-propyl)benzimidazolatocopper(il) monohydrate. For (a) and (h) L-0 represents the hydroxyl deprotonated ligand.
40
expected that this complex is in fact binuclear and alkoxy 
bridged. The source and validity of the discontinuity 
between 1Zj.0-180°K is as yet unknown.
A complex of copper(ll) bromide with 2 (p-hydroxy-n-propyl) 
benzimidazole was prepared with the intention of examining 
the change in magnetic behaviour brought about by changing 
the position of the hydroxyl group with respect to the 
benzimidazole nucleus.
Bromo-2 (fi-hydroxy-n-propyl) benzimidazolatocopper (II) 
monohydrate, CuL Br HpO, is a feeble electrolyte in
Onitrobenzene after heating for dissolution,An=1i4. mho cm /mole, 
and exhibits weak antiferromagnetic exchange. The magnetic 
moment ranges from 1.59 B.M. (80°K) to 1.75 B.M. (320°K).
The magnetic properties of andywas functions of temper- 
-ature are described by the Fisher equation^ and the 
experimental points of andyu are shown superposed on the 
theoretically derived curve (Figure 15 1).
The correlation of magnetic properties with the Fisher 
equation is indicative of a polymeric structure. Three 
polymeric structures are shown in Figure 13. The two 
structures involving alkoxy bridges seem the most likely in 
view of the evidence supporting the alkoxy bridged binuclear 
structures for the similar complexes previously discussed: 
the possibility of nitrogen deprotonation cannot be 
disregarded until N-methylation of the ligand and subsequent
41
F I G U R E  1 4
3
Proposed octahedral monomer for di'bromo‘bis(2-cG-hydroxy-iso- 
-propylbenzimidazole)copper(II) dihydrate.
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experimental work is undertaken.
Primary and secondary alcohol groups were found to 
deprotonate to form ionic "benzimidazole substituted ligands, 
however a tertiary alcohol, 2 (oc-hydroxy-iso-propyl) benzimid­
azole, acted as a neutral ligand with copper(II) bromide. 
Tertiary alcohols are more likely to act as bases, in acidic 
media, with cleavage of the C-0 bond and subsequent alkyl 
halide formation, In the weakly basic conditions of the 
preparation the tertiary alcohol would be expected to remain 
as a neutral ligand.
Dibromobis(2-o6-hydroxy-iso-propylbenzimidazole) copper (II)
dihydrate, CuI^B^ ’̂ I^O, obeys the Curie-Weiss Law, 0 = -11° K.
The complex dissolves slowly in warm nitrobenzene and on
2cooling the conductivity of 26 mho cm /mole was recorded.
On the basis of the magnetic data (Tabled) and empirical 
formula a distorted octahedral monomer is proposed for this 
complex (Figure 1i+) •
800
X ,
Figure 15a
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The temperature variation of and yu from the table
opposite are illustrated. No theoretical curve has 
"been found suitable.
Experimental values of a n d plotted on a Bleaney-
-Bowers curve for g = 2.00, Tc = 530°K and 2J = -5 8 9  cm-
The poor correlation is attributed to paramagnetic 
impurities.
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t a b l e  4a
2-HYDROXYMETHYLBENZI MlDAZOLATOCOPPER( I I ) CHLORIDE
TEMP CH I * 1 0 6 1 /CHI MU CHI G M Û
79.0 725 1378 .68 2 . 5 2
87. 0 694 1439 .70 2.40
98.5 677 1476 .73 2.33
11 c « c 641 1558 .75 2 . 1 8
1 3 0. 0 599 1669 .79 2 . 0 1 ....
1 60 . C 569 1755 .86 1.89
190.0 538 1857 .91 1.76oon n r onJUU 1998 .96 1.61
07 n nL / . KJ 469 2128 1 . 0 1 1 .49
3 1 0 . C 445 2245 1.05 1.39
35 0 .C 436 2291 1.11 1.35
* * * *
TABLE 4B
B IS  [ bROMOtU-2 (HYDROXYMETHYL )BENZ I Ml DAZOLATOCOPPER (l I )]
TEMP CHI*/o¿ 1 /CH 1 MU CHI G //£>
80.0 514 1942 .58 1 . 3 7
92.8 410 2437 .55 1.01
1 03. 0 325 3072 .52 .72
115.0 294 3394 .52 .62
131.8 264 3775 .53 .51
150.0 271 3682 .57 .54
176.3 268 3728 .62 .53
204.5 290 3441 .69 .60
236.7 338 2955 .80 .77
269.0....... 359........ 2780...... .......88 ..  .84.......
298.5 388 2575 .97 .94
327.8 406 2458 1.04 1 on
357.7 338 2955 .99 .77
* * * it
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Two farther sets of data for this complex indicate 
the "ripple" in the region 1U0-180°K.
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TABLE AB
BIS [ÊsROMO-yuL-2 (HYDROXYMETHYL)BENZI MlDAZOLATOCOPPER(I I )]
TEMP CHI*yO 1 /CH 1 MU CHI G//Ö
78.0 3A2 2922 .A6 .78
89.0 280 3570 .A5 .57i on o1 \ j \ j ,  \ j 255 3919 .A5 ,A8
115.0 236 A229 .  A7 .  A2
125.0 205 A855 • A6 .31
135.0 27A 36A2 .55 .55
1A5.C 256 3903 .55 .A8
155.0 262 3807 .57 .51
165.0 236 A231 .56 .  A2
175.0 308 32A3 .66 .66o nn n
Í . K J K J  ,  K J
0 oo
J  K J  K J 3323 .70 .6A0 5 0 o
L  5  K J  .  K J 35A 2822 .81 .82970 o
C .  /  K J  ,  K J 373 2675 .90 .89
0 1 o o
Í  1 u .  w 395 2527 .99 .96
350.0 A3 9 2277 1.11 1.11
385.0 A31 2316 1.16 1.09
* * * *
TABLE AB
BI S [BROM0-^-2 (HYDROXYMETHYL )BENZ I Ml DAZOLATOCOPPER ( I I )]
TEMP CHIx/o 1 /CHI MU CHI G?/£?
77.5.... A87 2CA9 .55 1.28
89.0 37A 2672 .52 .89
97.0 362 2756 .53 .85
108.0 316 3156 .53 . 69
118.5 3 CA 3287 .5A .65
123.5 322 3103 .57 .71
135.0 292 3 A19 .56 .61
1A8.C 295 3383 .59 . 62
159.2 301 3312 .62 • 6A
178.5 287 3A79 .6A .59
210.5 329 3035 .75 .7A
239.6 32A 3086 .79 .72
280.2 379 2638 .93 .91
321.5 396 2521 1.01 .97
350.2 A28 2333 1.10 1.08
k k *•k
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Figure 15c
Experimental values of andy  plotted on a
Bleaney-Bowers curve for g = 2.05, Tc = ¿4-80°K 
and 2J = -53I+ cm”  ̂.
Two separate sets of data (for different samples) 
are shown.
X and A  represent and jjl respectively for
run 1.
D  and O  represent andy  respectively for
run 2.
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TABLE 4C
B IS £bROMO-yU-2 (oC-HYDROXYETHYL )BENZ I Ml DAZOLATOCOPPER (I I )]
TEMP CHIVO* 1 /CHI MU CHI G MO
79.5 91 10914 .24 -.12
87. C 95 10511 .26 -.1 1
IC I  .5 105 9472 .29 -.07
118.5 130 7688 .35 nn
135.0 155 6419 .41 .09
154.5 184 5427 .48 .19
1 7 4 . 3 227 4398 .57 .33
19 5 .C 266 3751 .65 .46
2 2 0 .C 313 3189 .75 .61
244.0 353 2832 .83 .74
278 .0 400 2498 .95 .90
299.5 421 2369 1.01 .97
326.5 447 2236 1.08 1.05
356.5 454 2198 1.14 1.07
396.5 456 2190 1.21 1.08
438.5 458 2180 1.27 1.09
* * * *
TABLE 4C
BIS fBROMO-yy-2 (oC-HYDROXYETHYL )BENZ I Ml DAZOLATOCOPPER ( I I )]
TEMP CHInO° 1 /CHI MU CHI G MO'
76.0 38 25761 .15 -.29
87.5 41 24015 .17 -.28
98.0 60 16505 .22 -.22
1 12.5 81 12335 .27 -.15
129.0 97 10288 .32 -.10
146.7 127 7864 .39 —
165.5 173 5772 .48 .15
184.4 221 4522 .57 .31
206.0 111 3672 .67 .48
231.5 331 3019 .79 .67
257.6 369 2703 .88 .80
298.5 430 2322 1 .02 .99
340.5 454 2199 1.12 1.07
381.2 475 2103 1.21 1 .1 4 .....
404.4 492 2031 1.27 1.20
442,0 481 2077 1.31 1.16
★ * * *
Experimental points of an(̂ p l o t t e d
on a Bleaney-Bowers curve for g = 2.10,
Tc = 5U0°K and 2J = -600 cm“1 .
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BIS
TABLE AD
¡CHLOROy*-2(tf-HYDROXYETHYL )BENZI MlDAZOLATOCOPPER(II)
TEMP CHItfO6 1 /CHI MU CHI GrlO
78.5 84 11851 .23 -.12
88.C 113 8837 .28 -.01
96.5 104 9528 .29 — r>ii
110.7 105 9479 .31 _ nh • uH
125.5 117 8545 .34 rsn• w w
139.5 145 6858 .40 .11
1 64.5 179 5577 .49 .24
191.0 214 4661 .57 .38
223.5 246 4055 .67 .50
259.0 308 3241 .80 .74
300.3 366 2731 .94 .96
340.0 406 2460 1.06 1.12
375.8 408 2450 1.11 1.12
* •>V * *
Experimental points of a n d p l o t t e d  on a Bleaney—
-Bowers curve for g = 2.00, Tc = 900 K and 2J = —1004 cm •
Experimental points of % M * and jul plotted on a Bleaney-  ̂
—Bowers curve for g = 2.05* Tc = ¿4-50 K and 2J = —500 cm •
TABLE 4E
B IS  |cHL0R0-^«--N-METHYL-2-HYDROXYMETHYL BENZ I Ml DAZOLATOCOP PER ( I I )]
TEMP CHIp</0 1/CHI MU CHI G / ^
7 8 .C 90 11017 .24 -.10
91 .C 84 11886 .25 -.12
101.0 95 10432 .28 -.08
111.3 81 12309 .27 -.13
126.A 79 12616 .28 -.14
140.0 83 12030 .31 -.13
158.0 84 11870 .33 -.12
179.5....... ____ 101.. 9831... .38 -.06onn nC.KJKJ m KJ 109 9144 .42 -.03
224. 4 112 8884 .45 _ niwl
248.0 119 8382 .49 .01
277.5 125 7989 .53 .03
312.5 151 6610 .62 .14
348.7 168 5937 .69 .20
389.7 181 5510 .75 .25
431.6 198 5042 .83 .32
* * * *
TABLE 4F
B IS  [ACETATO-ya-N-METHYL-2-HYDROXYMETHYLBENZ I Ml DAZOLATOCOPPER (l I )J
TEMP CH1 ,/£> 1 /CHI MU CHI G y/O
78.0 88 11316 .24 -.14
87.5 60 16647 .21 -.24
97.0 96 10376 .27 -.12
109.5 99 i on? r>1 u \jj .30 -.11
125.0 103 9665 .32 -.09
144.0 143 6944 .41 .04
164.0 180 5548 .49 .16
189.5 257 3883 .63 .42
219.5 323 3087 .76 .64
249.0 379 2631 .87 .82
279.5 455 2193 1.01 1.07
309.8 485 2061 1.10 1.17
340.0 488 2045 1.16 1.18
369.5 524 1907 1.25 1.30...
Figure 15g
Experimental values of and juu plotted on a Bleaney-
-Bowers curve for g = 1 .73, Tc = 320°K and 2J = -356cm" 
Two separate sets of data (for different samples) 
are shown.
X and A  represent and respectively for run 1 .
□  and O  represent X  a n d respectively for run 2.
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TABLE 4G
B IS  £bromo-/*-n-m e t h y l-2-h y d r o x y m et h y lben z  I MIDAZOLATOCGPPERO I )1
TEMP CHIx/Z) 1 /CHI MU CHI Gx/Z>
83.5 114 8704 .28 -.05
97.0 165 6032 .36 .12
110.7 195 5125 .42 .22
133.5 245 4081 .51 .3 8 ....
158.5 305 3273 . 62 .58
191.0 373 2680 .76 .80
228.7 429 2328 .89 .99
276.3 479 2086 1.03 1.15
295.0 490 2037 1.08 1.19
309.6 491 2033 1.11 1.19
324.0 493 2026 1.14 1.20
339.0 495 2017 1.16 1.20
369.4 499 9 onnC. \J\J\J 1.22 1.22
399.0 480 2083 1.24 1.15
429.5 466 2145 1.27 1.11
* * * *
TABLE 4G
Bl S fBROMO-^i-N-METHYL-2-HYDROXYMETHYL BENZ I Ml DAZOLATOCOPPER ( I I )]
TEMP CHI ,/*>* 1 /CHI MU CHI G
77.5 54 18395 .18 -.24
88.0 134 7433 .31 .02
98.6 150 6656 .35 .07
109.5 171 5817 .39 .14
124.0 202 4929 .45 .24
145.5 255 3917 .55 .42
174.8 320 3117 .67 .63
205.0 382 2612 .80 .83
234.5 443 2253 .92 1.03
266.4 478 2089 1.01 1.15
284.5 488 2045 1.06 1.18
299.4 490 2037 1.09 1.19
310.2 509 1963 1.13 1.25
317.5 483 2067 1.11 1.17
328.6 486 2056 1.13 1.17
339.2 493 2024 1.16 1.20
363.0 485 2059 1.19 1.17
381.0 480 2079 1.22 1.16
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Experimental points of and yu plotted on a
Bleaney-Bowers curve for g = 2.10, Tc = 730°K and 
2J = -812 cm-1.
Experimental points of an<l /U plotted on a
Bleaney-Bowers curve for g = 2.00, Tc = 800°K and 
2J = -890 cm-1.
TABLE Ah
fcB IS  ICHLORO-^u-N-METHYL
TEMP CHI i/Oc 1 /CHI MU CHI G r fO
76.7 73 13657 .21 -.20
85. C 60 16503 .20 -.25
9A.5 69 1A3C9 .23 -.21
108.C 65 15300 . 2A -.23121.0 66 15107 .25 -.23
139.5 77 12902 .30 -.18
158.5 63 15671 .29 -.23
184.5 83 12016 .35 -. 16
2C8.5 87 11AA2 .38 -.152A2.C 117 8517 ,A8 -.CA
280.0 153 6 A 95 .59 .09
320.5 188 5315 .70 .22
3A9.5 230 A335 .81 .37
390.3 253 39A2 .89 .A6
A29.3 287 3A78 i nn1 * w \J .58
A* * * *
6
TABLE A I
B 1S | BR OMO-//-N-METHYL-■2 (»i-HYDROXYETHYL )BENZ 1 Ml DAZOLATOCOPPER (1L r 
TEMP CHI y / P *  1/CHI MU
MONOHYDRATE 
CHI G y / 0 6
78.0 89 11116 . 2A -.18
88.0 81 12225 . 2A -.20
i nn  n1 \j \j  , \j 83 11906 .26 -.19
111.0 83 11956 .27 -.20
125.5 90 11C9A .30 -.18
1AC.2 8A 11771 .31 -.19
162.0 89 11138 .3A -.18
187.0 87 11A86 .36 -.19
210.8 102 9771 . A2 -. 1A
239.8 122 8132 .A9 -.08
269.0 132 7565 .5A C5
2 no n
p\JC. , 165 6037 .63 . 05
331.7 181 5506 .70 * 10
360.0 189 5265 .7A .13
390.3 210 A7 A1 .81 .19
A21.C 216 A622 , 86 .2 1 .........
3
Experimental valued of (listed opposite) plotted on a
Bleaney-BoY/ers curve for g = 2.10, Tc = 650°K and 2J = 723 cm 
The poor correlation between experimental points and the
theoretical curve is attributed to paramagnetic impurities in 
the sample.
Figure 13k
Experimental points of and jjl plotted on a Bleaney-
0 —i-Bowers curve for g = 2.10, Tc = 1100 K and 2J = -1223 cm .
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TABLE 4J
B IS  [ hYDR OX O-ju-N-METHYL-2 (oc-HYDROXYETHYL )BENZ I Ml DAZOLATOCOPPER (l I j ]
TEMP CHI/«?' 1 /CHI MU CHI
79.3 729 1370 .68 2.40
89.5 673 1484 .70 2.18
101.0 403 2480 .57 1.12
115.7 304 3280 .53 .74
130.5 254 3927 .52 .54
144.7 194 5142 .48 .30
163.0 180 5534 .49 .25
182.4 144 6933 .46 .11
203.5 134 7449 .47 • W
228.7 147 6798 .52 .12
259.0 133 7507 .53 .06
299.6 208 4806 .71 .36
336.8 286 3496 .88 .66
370.7 341 2932 1.01 .88
401.3 357 2795 1.08 .94
* * * *
TABLE 4K
B IS  JCHLORO-/t-2
TEMP
78.5
88. C
98.0
107.5
123.0
138.7
165.5
193.5
229.0
269.5
308.8
350.0
388.5
-HYDROXYBENZYLBENZI MiDAZOLATOCOPPER ( l l >j
CHI//D£ 1 /CHI
113 8836
109 9117
108 9201
108 9174
107 9319
112 8864
113 8799
116 8573
117 8546
127 7830
138 7215
141 7044
144 6910
MU CHI G
.27 -.09
.28 -.10
.29 — 1 °  • 1 u
.31 — 1 o* 1 w
.33 -.10
.36 -.09
.39 -.08
.43 -.07
.46 -.07
.53 — nU
.59 — or»uu
.63 nov uv
.67 •  ̂1
Jc * * *
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.1+000
■3000
x ;
9 nnn
1000
Experimental values of and/x for 
the complex hromo-2(^-hydroxy-n- 
-propyl)henzimidazolatocopper(Ii) 
monohydrate plotted on a Fisher 
equation curve with g=2. 17 and 
j = -13cm"*1 .
Figure 151
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TABLE AL
DI BROMO-20s-HYDROXY-fti-PROPYL)BENZ IM 1DAZOLATOCOPPER(11)
_ MONOHYDRATE
TEMP CH 1 *tO 1/CHI MU CHI G
80.5 3885 257 1.59 10.9188.0 353A 282 1.58 9.87
101.0 3205 311 1.62 8.89
121.0 2800 357 1.65 7.69
150.6 2328 A 29 1.68 6.29
180.0 1970 507 1.69 5.22
210.2 1707 585 1.70 A.AA
250.3 1A6A 682 1.72 3.72
290.0 1296 771 1.7A 3.22
320.0 1189 8A0 1.75 2.90
WEISS CONSTANT,THETA = -26 DEGREES KELVIN
rk * •& ic
TABLE AM
DIBR0M0BIS
TEMP
80.5
90.0
100.0
120.0
150.0
190.0
230.0
270.0
310.0
Ì2(oc-HYDROXYISOPROPYL)BENZIMIDAZOLE~|COPPER( I l)L- -1 DIHYDRATE
CH 1 x/P 1/CHI
5090 196
A516 221
AO 98 2A3
3A60 288
2817 35A
2262 AA1
1876 532
1607 622
1A3A 696
MU CHI G
1.82 7.71
1.81 6.78
1.82 6.09
1.83 5.05
1.85 A .00
1.86 3.09
1.87 2.A6
1.87 2.02
1.89 1.7A
WEISS CONSTANT,THETA = -11 DEGREES KELVIN
* * * *
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Bivalent Copper Complexes of 
Non-Ionic Heterocyclic Ligands
2-Substituted Benzimidazole Ligands:
The copper(II) nitrate complexes of 2 (<*-hydroxyalkyl) - 
-Benzimidazole ligands are of the general formula CuL^NO^^ 
hE^O. The complexes crystallise as neutral ligand adducts of 
copper(II) nitrate whereas in complexes of the same ligands 
with copper(il) halides the organic ligands are deprotonated.
Table 5
Room Temperature Magnetic and Conductivity
Data for CuL2(N03)2 nH20
-A-m
-Q. crn'jrnolerLigand - L n io‘X6 /u s.n. T°k
2-hydroxyme thy1-B z 1 2.5h 1538 1.91 293 h.5
2-cC-hydroxyethyl-Bz 2 2.11 1*4-10 1.83 293 k.S
N-methyl- I
- 2-oc-hy dr oxy e thy 1-B z I1 2.13 137^ 1.81 295 10.0
2-hydroxymethyl-Bz 0 2.*4-5 1390 1.82 295 6.U
Bz = Benzimidazole
The room temperature magnetic and conductivity data 
appear in Table 5 and the temperature variation data are 
in Table 9a-d.
The hydrated complexes appear to be magnetically normal 
and obey the Curie-Weiss Law with 0 = -15 ¿1 °K. There is a 
small uniform increase in magnetic moment over the temperature
F I G U R E  16
Proposed, monomeric structure for complexes of the type 
CuLgiNO^Jg^nHgO. L is 2 (^-hydroxyalkyl)"benzimidazole.
range 80°K to 320°K. This may be indicative of long range 
antiferromagnetic interactions but the evidence is 
inconclusive.
The complexes are soluble in nitrobenzene only when the 
solvent is heated to approximately 60°C. The very low 
conductivities, of the resultant solutions are most likely 
due to breakdown of the complexes in the following 
equilibrium:-
2 (N03 ) 2H2oJ +  fcuL2 2H2o| + NO^
On the basis of these data, particularly the magnetic 
behaviour of the complexes, a monomeric structure is proposed 
and is shown in Figure 16: where n = 1, copper is five 
co-ordinate, and where n = 2, copper is possibly octahedral*
The anhydrous complex, dinitratobis(2-hydroxymethyl) 
benzimidazolecopper(ll), deviates from Curie-Weiss Law 
behaviour in that the magnetic moment plotted against 
temperature is markedly curved and falls below the spin only 
value, of 1.73 B.M., to 1.66 B.M. at 80°K (Table 9d) . A 
comparatively large negative Weiss Constant (© = -27°K) is 
obtained by extrapolation.
Loss of water from the parent hydrated complex appears
to lead to magnetic concentrations. Bridging bidentate
nitrate groups seem the most feasible means of exchange
interation. Similar magnetic behaviour was noted by Kokot 
, . 87and Martin for one form of anhydrous copper(ll) nitrate.
a
\  /
/o
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Possible polymeric structure fordinitratoDis(2-]aydroxyniethyrbenzimidazole) copper(II) . 
L = 2-hydroxymethyrbenzimidazole.
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The nitrate ion is capable of bridging via the same 
three arrangements suggested for the carboxylate group1®.
For this complex an anti-anti bridging nitrate system is 
possible and is similar to the known structure of copper(ll) 
formate tetrahydrate . A section of the proposed polymeric 
structure is shown in Figure 17 .
(B) Three complexes of copper(II) Bromide with 
2-substituted Benzimidazoles were prepared. Three different 
metal to ligand ratios occur and the properties of these 
complexes range from magnetically normal to weakly interacting 
antiferromagnets. The room temperature magnetic and 
conductivity data appear in Table 6 .
COMPLEX * 0%
Table
!0(X ‘
6
/c B.M.
-A.M
O- 'ctn/mo/e,
CuLa2Br2 1.61+ 11+95 1.89 295 20.0
CuBz^Br2 1.73 1335 1.78 23b 7.0
C U g L b ^ B r ^ 2.10 1260 CMr-• 292 62.0
La = 2-phenoxymethylbenzimidazole, Bz = Benzimidazole 
LB = 2-thiomethylBenzimidazole, * Nitrobenzene
Dibromobis(2-phenoxymethyl-Bz)copper(II), (Cu^La^Br^), 
obeys the Curie-Weiss Law with 0 = -8°K (Table 9e) • The 
complex dissolves slowly in warmed nitrobenzene and the 
resultant conductivity may signify a uni-univalent electro- 
-lyte^ 9 however hydrolysis accompanying dissolution might
be expected to contribute to the observed conductivity.
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F I G U R E  18
Proposed square planar structure for 
dibromoMs^-phenoxymethylbenzimidazole)copper(II) .
6 V
With regard to the composition and magnetic properties 
of* the complex a monomeric square planar structure illustrated 
in Figure 18 is proposed.
Dihromotris(benzimidazole)copper(II) has a room 
temperature magnetic moment of 1.78 B.M. This value is 
lower than that of most normal copper(ll) complexes which are 
usually well above the spin only value of 1.73 B.M.
The moment at lower temperatures falls slightly below 
1.73 B.M. and is indicative of magnetic interaction. The 
interaction appears to be very weak and measurements at 
liquid helium temperatures may resolve the properties of 
this complex.
Benzimidazole is monodentate when acting as a neutral 
ligand. The empirical formula CuBz^Br2 and the slightly 
lowered magnetic moment, suggest a halogen-bridged, binuclear 
structure involving octahedral copper atoms (Figure 19)• The 
almost non-ionic behaviour in nitrobenzene is consistent 
with the postulation of a binuclear cluster.
A good correlation between experimental data and 
theoretically derived curves of X M * and jul from equation 
12, was achieved for Tc = 33°K, N#= 60, and g = 2.05« The 
curves are shown in Figure 29f •
Tetrabromotris(2-thiomethylbenzimidazole) dicopper (II)
CuoLb-,Br, has a room temperature magnetic moment of 1.72 B.M.¿ 3 d
63
FIGURE 19
Proposed binuclear "bromide "bridged structure for the 
complex dibromotris(benzimidazole)copper(il). If the 
above structure is correct then the complex is named 
dibromosexakis(benzimidazole) di-yu-dibromodicopper(II) •
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and a conductivity in nitrobenzene of 31 mho cm /copper atom 
(or 62 mho cm / Cu^Lh^Br^ ) . The compound exhibits weak 
antiferromagnetic exchange interaction with a value of 
yLc=1.63 B . M .  at 77°K (Table 9g).
The metal to ligand ratio and slightly depressed magnetic 
moment lead to the suggestion of an infinite bromide bridged 
polymeric structure involving alternate octahedral and square 
pyramidal copper atoms (Figure 20). Although simultaneous 
occurrence of two stereochemistries in complexes of copper(ll) 
and nickel(ll)^ ^  are known, the structure proposed 
(Figure 20) is not consistent with the visible-near infra-red 
reflectance spectrum which is indicative of square planar 
stereochemistry•
For the complex to conform to the empirical formula 
and the magnetic, spectral and conductivity data, two 
possibilities arise. The first being that the complex is a 
mixture.
9
The components of the proposed mixture are expected to 
be a bromide bridged binuclear cluster jcUg^Br^j and a 
simple square planar monomer jcuil̂ Br̂ J : the ratio of the 
components being 1:2 respectively. Microscopic examination 
of the "complex11 reveals uniform crystals such that the 
components would be required to crystallise homogeneously.
The empirical formula is satisfied by the combination
F I G U R E  2 0
Alternating five and six co-ordinate copper(II) in a possible 
polymeric structure for the complex C^Lb^Br^. Lb is 
2-thiomethylbenzimidazole.
FIGURE 21
Proposed binuclear structure for the complex w  
dibromobis(2-thiomethylbenzimidazole)di-/^-dibromocopper (II)
A ligand of crystallisation of 2-thiomethylbenzimidazole is 
not shown.
[cu2L2BrJJ • 2 JcuLgBr^J and the conductivity in nitrobenzene 
of 31 mho cm /copper atom may possibly be the result of 
dissociation of [0uL2Br2] as a di-univalent electrolyte and 
the dissolution and retention of jcugLgBrJ binuclear 
clusters. On this assumption the conductivity of the monomer 
would be 62 mho cm /mole approximately that expected for a 
di-univalent electrolyte.
The postulation of two co-existing square planar 
complexes is consistent with the visihle-near infra-red 
reflectance spectrum. The observed magnetic data, on the 
basis of the proposed mixture, should be a composite of 50% 
Curie Law behaviour and 50% of the behaviour attributable to 
a binuclear cluster. Furthermore, if the susceptibility 
maximum for the binuclear unit occurs above 80°K it would 
impart a characteristic "hump" in the experimental susceptib- 
-ility curve. This behaviour would be more readily observed 
as irregular points on the normally linear inverse 
susceptibility/temperature plot. This feature however was 
not observed.
If Tc occurs below 80°K then the observed susceptibility 
would be a composite of two apparently paramagnetic complexes 
A curve consisting of 50% Curie Law behaviour and 50% 
Bleaney-Bowers equation behaviour, with Tc=70°K and g=2.00, 
has been found to follow closely the experimental data 
(Figure 29g). The contribution of the Curie Law component
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was derived from the magnetic data of dibromobis(2-phenoxy- 
-methylbenzimidazole)copper(II) which is discussed earlier 
in this segment and exhibits properties consistent with a 
square planar monomeric structure.
The magnetic data composition is perhaps the least 
convincing piece of evidence supporting the proposal of a 
mixture of two complexes. The fact that a closely 
corresponding susceptibility curve may be constructed from 
the 50/50 ratio of expected magnetic behaviours indicates 
that the proposal is not negated by the magnetic data.
The second possible structure that may be proposed is 
the square planar binuclear cluster shown in Figure 21 .
There remains one molecule of 2-thiomethylbenzimidazole per 
binuclear cluster to be allocated. With reference to copper 
benzoate trihydrate ,in which a hydrated molecule of 
benzoic acid is known to exist, the remaining ligand possibly 
occurs as a ligand of crystallisation.
The empirical formula is preserved, the visible-near 
infra-red reflectance spectrum, indicating square planar 
stereochemistry, is satisfied, and the conductivity may be
consistent with the following equilibrium
PhNO,
Br_ 'Cu-(Br) p-- Cu
L ^ *Br
Ph NO,
X  , x /L- /---N _ rvi-K/Cu— (Br) p— Cu
T '  \h PhNOz
2.+
+ Z&T
The experimental magnetic data have been fitted to a 
plot of the Bleaney-Bowers equation. The appropriate
parameters are g = 2.00, Noc = 60 and Tc = 30°K which give 
2j = -33cm 1. The experimental susceptibility data are 
plotted on the theoretical curve in Figure 29h.
On the basis of magnetic data correlation, the latter 
proposal appears, the more likely; however the proposal of 
ligand of crystallisation has some pitfalls. The possible 
structural arrangements are presented but without further 
evidence no conclusion in drawn.
Bivalent Conner Complexes with Quinoxaline 
and Some 2.3-Disubstituted Quinoxalines
The monoquinoxaline complexes of copper(II) bromide, 
chloride, nitrate and acetate, CULX2 , and sulphate 
tetrahydrate, CuL S0^ »¿i-HgO, have been spectroscopically 
investigated by Underhill^. On the basis of spectroscopic 
data,Underhill has suggested polymeric structures for the 
halide and nitrate complexes, a binuclear structure for the 
acetate complex (with the quinoxaline molecules replacing 
water in the familiar jc-oAx^HgOj 2) * an<̂  a monomeric structure 
for the sulphate tetrahydrate complex. In view of the 
proposal of polynuclear structures by Underhill and the 
support that temperature variation magnetic studies lend to 
these proposals the present investigation was undertaken.
A comparison of the room temperature magnetic data of 
this work with that of Underhill is shown in Table 7 •
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Table 7
Room Temperature Magnetic Data for Quinoxaline and 
2.3-Disubstituted Quinoxaline Copper(II) Complexes
C o m p le x ,0*%3 /U B.M. T°K R e f . 95*
CuQ C l 2 4 .4 9 1 4 0 5 1 .8 7 2 9 7 1 . 7 7
CuQ B r 2 3 . 3 4 1 3 7 5 1 000. 295 1 . 7 4
CuQ ( N O ,) 2 k.26 1 5 0 0 1 .8 8 29 8 1 . 8 1
CuQ Ac 2 2 . 0 9 830 1 .4 0 2 9 2 1 . 4 1
CuQ S0^*U H 2 0 4 . 1 6 1 7 4 0 2.02 2 9 5 1 . 9 9
C u  (2 , 3 d ip h e n y  1 -Q )  * C 1 2 1 . 5 1 1 4 4 5 1 .8 5 2 9 2 1 . 8 9
C u ( Q 0 H -0 ) 2  2 N H , 3 . 3 3 1 4 1 5 1 .8 3 2 9 5 -
C u (Q -O H -O )O H  2 N H ,-3 H 2 0 3 . 5 9 1 3 3 0 1 .7 8 2 9 4 -
*Q = Quinoxaline, 2,3-diphenyl—Q = 2,3-diphenylquinoxaline
Q— (OH) 2 = 2,3-quinoxalinediol 
The magnetic data for the dihaloquinoxalinecopper(ll) 
complexes were found to he consistent with the infinite 
linear polymer proposed hy Underhill. The experimental 
values of magnetic susceptibility and magnetic moment agree 
with those calculated from the Fisher equation 9 , ana are
plotted in Figures 30a and 30b.
For dichlorquinoxaline copper(Il) the magnetic results 
of this work agree with those recently reported by Hyde, 
Kokoszka and Gordon^ . Ho structure was suggested by those 
authors. The values of g and Tc quoted by Hyde et.al. were
F I G U R E  22
VPolymeric structure proposed "by Underhill and supported 
by the present work, for the complexes 
dihaloquinoxalinecopper(ll). X = Cl or Br.
FIGURE 23
76•r ,
derived from the "greater than Tc" portion of the Barraclough 
28equation . They found this satisfactory since Tc is of 
the order of 20°K and the Barraclough equation is known to 
give results comparable with the Fisher equation although 
the Barraclough derivation is not entirely correct^.
The infinite polymeric structure proposed by Underhill 
and supported by the present work is shown in Figure 22 .
The distorted octahedral unit is expected to resemble
q bclosely the structure of dichlorobispyridinecopper(II)^ ,
95 96From the accumulated data of Underhill , Hyde et.al. , and 
the present work, the dihaloquinoxalinecopper(il) complexes 
appear well characterized as infinite polymers.
Dinitratoquinoxalinecopper(Il) exhibits much weaker 
magnetic exchange interaction. It is possible that this 
complex allows one exchange interaction pathway via bridging 
quinoxaline molecules whereas the halides afford pathways 
through both quinoxaline and halide bridges.
95On the basis of infra-red spectra, Underhill suggests 
a distorted octahedral structure with bidentate nitrate ions 
and bridging quinoxaline molecules. Underhill1 s report is 
not clear as to the mode of nitrate co-ordination, be it 
chelating or bridging.
Although the magnetic moment lies above the spin only 
value (1.73 B.M.) in the temperature range investigated, the
moment variation of 1.75 to 1.90 B.M. (80-365°K) is indicative
of weak exchange demagnetization. Whether the interaction
occurs via bridging quinoxaline molecules alone or a
combination of both quinoxaline and nitrate bridges is not
known. The distorted octahedral polymeric structure shown
in Figure 23 illustrates the bridging of quinoxaline with
chelating nitrate groups.
Sulphatoquinoxalinecopper(ll) tetrahydrate is
magnetically normal. The magnetic moment is constant over
the temperature range investigated and a Weiss-Constant of
-7°K was calculated by least squares technique. The visible
95and infra-red spectroscopic data of Underhill support a
structure consisting of a square plane of oxygen co-ordinated
water molecules, a nitrogen bonded quinoxaline molecule
perpendicular to that plane and a weakly co-ordinated or
ionically bonded sulphate group. The stereochemistry of the
copper(il) ion appears to be similar to that of copper(II)
99sulphate pentahydrate^.
Conductivity measurements in nitrobenzene are of
little value because the quinoxaline is lost in solution in
. 95a similar fashion to that suggested by Underhill for the 
dissolution of CuQC12 in water. Weak quinoxaline bonding 
and the volatility of quinoxaline (M.P. 32°C) preclude effect­
i v e  dehydration of the tetrahydrate. Several methods 
resulted in the loss of water and quinoxaline simultaneously,
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Monomeric structure proposed for dichloro*bis(2,3-diphenylquin-
-oxaline copper(il).
yielding non-stoichiometric products.
Diacetatoquinoxalinecopper(ll) is a simple adduct of
the familiar copper(ll) acetate binuclear cluster. This is
indicated by the magnetic behaviour of the quinoxaline
adduct which is similar to that of copper(ll) acetate
monohydrate and also the monopyridine adduct of copper(ll)
17acetate • The experimental susceptibility and moment data 
are shown on a theoretically derived curve, from equation 12, 
in Figure 30f •
For dichlorobis (2,3-dipheny1 quinoxaline) copper(II) a 
monomeric square planar structure was postulated by Billing 
et.al.^0 (Figure 22j.). The normal magnetic behaviour of 
this complex is in agreement with the structure proposed by 
those authors. The magnetic susceptibility as a function of 
temperature obeys The Curie-Weiss Law with 0 = -3°K.
Two new complexes of copper(il) with 2,3-dihydroxy-
-quinoxaline,(2,3-quinoxalinediol) Q(0H)2 * were crystallized
from ammoniacal solution (see Experimental). The ligand
exists as the diamide in the solid state and acts mainly
as a monobasic acid^^, pKa = 9*52^^, via deprotonation of
_ . 10i+ ,an hydroxyl group. The formation of a disilver salt shows
that it may also act as a dibasic acid. The sulphur analogue
2,3-quinoxalinedithiol, is a dibasic chelate towards divalent
105transition metals .
F I G U R E  2 5
Structure proposed for
"bis(2,3-dihydroxyquinoxalinato) diamminecopper (II) . 
The possible tautomerism is also indicated.
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Bis (2,3-dihydroxy quinoxal inato) di amminecopper (11 ) is 
magnetically normal. The magnetic moment is constant over 
the range 100-300°K (Table 9n). The observed normal 
magnetic behaviour is consistent with a monomeric structure 
involving octahedral copper atoms (Figure 25). The position 
of the remaining phenolic hydrogen is uncertain, as the 
possibility of the tautomerism indicated below cannot be 
excluded. It is also difficult to extract any information
from the infra-red spectra because of the absorption of
_-jammonia in the region 3000-3^00 cm .
The second compound of the above ligand may be 
formulated in two ways, firstly as Cu(QOHO). 0H.2NH^ 3H20 
and secondly as CuiQC^) In the former the ligand
is assumed to act as a monobasic acid and in the latter as 
a dibasic acid. The obvious means of selecting one of the 
above formulations, that is quantitative removal of NH^ and 
was found innapplicable due to decomposition 
accompanying dehydration. A large number of hypothetical 
structures may be proposed for this compound. The lack of 
observable exchange interaction over the investigated 
temperature interval appears to point toward a structure
F I G U R E  2 6
(a) Possible hydroxy-bridged dimer for
hydroxo-2,3-dihydroxyquinoxalinatodiamminecopper(ll) 
trihydrate. Q.OH.O = 2,3-dihydroxyquinoxalinato.
The six molecules of water per dimer are not shown.
(b) Monomeric structure proposed for the complex shown in
(a) above. The remaining molecule of water is not shown.
which does not involve bridged copper atoms or one which 
does not offer a low energy pathway for exchange.
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If the ligand acts as a monobasic acid the hydroxy­
-bridged structure (Figure 26a) is of some merit. It is 
consistent with the lack of observable interaction because
hydroxy-bridging does not always promote appreciable exchange.
hiThus Harris et.al. showed that complexes of the type, 
j^chelate-Cu-(OH) 2**Cu-chelateJ X2 *nH20 where chelate=bipyridyl 
or 1,10-phenanthroline and X = C10^~, Cl~, Br~, I- or CNS", 
are magnetically normal. An alternate structure is shown in 
Figure 26b. The monomeric unit would reduce the possibility 
of magnetic exchange interaction.
The complex readily effloresces if not maintained at
0-5°C. Infra-red and conductivity data are inconclusive: the
former because of the overlap of water and ammonia absorption
-1bands in the region 3U00-3000 cm and the latter because of 
decomposition accompanying dissolution.
Benzoxazole Complexes of Bivalent Copper Salts
Extending the study of bivalent copper complexes of 
heterocyclic ligands, a series of benzoxazole copper(II) 
complexes were prepared. Buff and Hughes reported that 
dichlorobis(benzoxazoie)copper(ll) had an anomalously low 
magnetic moment of 1.57 B.M. and that the corresponding 
dibromo complex could not be prepared by their method.
In this work both complexes were prepared by their 
method and both are apparently magnetically normal. The 
magnetic moments of both complexes decrease by only .08 B.M. 
from 300°K to 80°K, remaining at all times well above the 
spin only value. The dichlorobis(benzoxazole)copper(II) 
complex is of the same blue colour and same crystal form 
described by Buff and Hughes while the dibromo analogue is 
brown and forms needle-shaped crystals. The complexes obey 
the Curie-Weiss Law with 0 = -11*. and -15°K. respectively.
Normal magnetic behaviour was also noted in dinitratobis 
(benzoxazole)copper(II) and the dihydrate of that complex.
The respective Weiss Constants are -13°K and -1U°K. The 
room temperature magnetic data appear in Table 8 with the 
temperature variation results in Table 9 • The corresponding 
plots of susceptibility and inverse susceptibility are in 
Figure 31£-d.
F I G U R E  2 7
Proposed square planar structure for 
dihalobis('benzoxazole)copper(ll) • X = Cl or Br.
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Table 8
Room Temperature Magnetic Data for 
Benzoxazole-Copper(ll) Complexes
Complex io6Xg 10% juB *M • TEMP.°K
Cu BzoXp Cl2 3.38 1500
/
1.89 291+
Cu BzoXg Br2 2.60 11+60 1.8 6 293
Cu B z o x 2 (NO^)2 3 .0 1 1510 1.89 291+
Cu Bzox^ (NO^ )2 2H20 2 .8 3 1560 CVJ<J\. 292
* Bzox = Benzoxazole 
** Duff and Hughes ju. =
The complexes are soluble
: 1.57 
in polar solvents and in
nitrobenzene the conductivities of the halide complexes are 
in the range expected for uni-univalent electrolytes. The 
complexes are hygroscopic and the observed conductivities 
may be due to dissociation of the complexes with traces of 
water in the doubly distilled nitrobenzene.
Various structural representations are possible for the 
halogen complexes. The monomer, with square planar stereo­
-chemistry for the copper atoms, shown in Figure 273 is 
consistent with the observed normal magnetic behaviour and 
may also indicate the reason for the hygroscopic nature of 
the complexes viz tendency toward five and six co-ordination 
about the copper atoms. A polymeric structure similar to 
that proposed for the dihaloquinoxalinecopper(ll) complexes 
is possible. The very slight curvative of the magnetic
SV
F IG U R E  2 8
(a) Proposed square pyramidal structure for 
dinitratohis(henzoxazole) aquocopper(ll) monohydrate. 
The water of crystallisation is not shown.
(h) Proposed square planar structure for
dinitratohis(henzoxazole)copper(II).
moment/temperature plot could be due to weak exchange
interaction through a halogen bridged polymer. However from
the electronic spectra of dichlorobis(benzoxazole)eopper(ll)
106Duff and Hughes suggest square planar stereochemistry of 
the copper atoms; this is in accord with the monomer which 
appears on Figure 2 7 .
The nitrato complexes, CuBzox2 (N0^)2 «2H20 and 
CuBzox2 (NO^) 2 may he formulated in several ways in view of 
the bridging capabilities of the nitrate group. The exchange 
demagnetization noted by Kokot and Martin6^ for one form of 
anhydrous copper(II) nitrate was not observed in the two 
nitrato complexes examined here.
The dihydrate, Cu B z o x 2 (N02)2 2H20, is most likely a 
monomer however the stereochemistry of the copper atom, from 
visible-near infra-red reflectance spectrum, appears to be 
square pyramidal and not octahedral. The complex formula
is shown in Figure 28 a.
On the basis of magnetic data and particularly the 
visible-near infra-red reflectance spectrum, the anhydrous 
complex dinitratobis(benzoxazole)copper(il) is expected to 
be a square planar monomer. The possibility of bridging 
bidentate nitrate groups forming a polymer is unlikely. No 
magnetic interation is indicated by the temperature variation
may be A proposed structure
89
magnetic results, and square planar stereochemistry is 
indicated "by the visible-near infra-red reflectance spectrum. 
The proposed monomeric unit is shown in Figure 28b.
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TABLE 9A
DIN ITRATOBIS(2-HYDROXYETHYLBENZIMIDAZOLE)AQUOCOPPER(I I )
TEMP CH 1 , tO 1 /CH 1 MU CHI e ^ D R A T E
78.5 4983 200 1.78 8.52
91.6 4317 231 1.79 7.30
107.0 3730 268 1.79 6.23
126.7 3202 312 1.81 5.27
152.0 2714 368 1.82 4.3
188.0 2246 445 1.85 3.52
225.8 1891 528 1.86 2.88
269.7 1595 626 1.86 2.34
313.5 1397 715 1.88 1.97
W EISS CONSTANT,TMETA = -14 DEGREES KELVIN
^/v /\
TABLE 9B
DINITRATOBIS(N-METHYL-2-HYDROXYMETHYLBENZIMIDAZOLE)AQUOCOPPER ( I I )
TEMP CH IV 0 * 1 /CH 1 MU CH I G
75.5 4964 201 1.74 8.82
87.5 4315 231 1.74 7.59
97.6 3914 255 1.75 6.84
112.0 3479 287 1.77 6.02
130.0 3031 329 1.78 5.17
155.5 2589 386 1.80 4.34
184.5 2196 455 1.81 3.59
208; 0 1931 517 1.80 3.10
247.0 1661 601 1.82 2.59
280.0 1489 671 1.8 3 2.26
309.0 1370 725 1.85 2.05
346.5 1236 809 1.86 1.7?
W EISS CONSTANT,THETA = -16 DEGREES KELVIN
•A. /V A
o X
TABLE 9C
DINITRATOBIS(2-HYDR0XYMETHYLBENZIMIDAZOLE)AQUOCOPPER(I I )
TEMP CH 1 v/D 1 /CH 1 MU CHI G,/o
78; 5 5275 189 1.83 9.96
88.5 4722 211 1.84 8.85
98.0 4277 233 1.84 7.97
110.8 3840 260 1.85 7.10
123.0 3465 288 1.85 6.35
140.2 3107 321 1 .8 7 5.64
168.5 2635 379 1.89 4.70
196.5 2261 442 1.89 3.95
235.5 1910 523 1.90 3.25
280.5 1637 610 1.92 2.71
318.5 1463 68 3 1.94 2.36
W EISS CONSTANT,THETA = -15 DEGREES KELVIN
^  „U/\ /\ /S
TABLE 9D
D IN ITRATOBIS(2-HYDROXYMETHYLBENZIHIDAZOLE)COPPER(I I )
TEMP CHI */£> 1 /CH 1 MU CH 1 G ? / P
79:0 4393 227 1.67 8.53
90.0 4005 249 1.70 7.73
102.0 3600 277 1.72 6.89
110; 5 3 392 294 1.74 6.46
131.5 2917 342 1.76 5.48
160.7 2465 405 1.79 4.55
202.0 1985 503 1.80 3.55
247:0 1 669 598 1.82 2.90
300.5 1436 695 1.87 2.42
339.8 1307 764 1.89 2.15
373.6 1130 884 1.85 1.79
W EISS CONSTANT,THETA
CM1II DEGREES KELVIN
«J.* /V
X9^
r4000 Figure 29g
'3000
Experimental points plotted on a 
magnetic susceptibility curve composed 
of 50% Curie Law behaviour and 50% 
Bleaney-Bowers equation behaviour for 
the complex C^Lb^Br^.
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Figure 29h
Experimental magnetic susceptibility 
and moment values for the complex 
CugLh^Br. plotted on a Bleaney-Bowers
curve with Tc=30°K, g=2.00 and 
2J=-33cm-^.
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TABLES..9r,9F,9G
DIBROMOBIS(2-PHENOXYMETHYLBENZIM IDAZOLE)COPPER(11)
TEMP CH 1 s/o 1 /CH 1 MU CHI G
76.5 5353 186 1.82 7.3
86.6 4775 209 1.8? ...6.52
97.3 4333 230 1.84 5.86
115.5 3710 269 1.86 4.93140.6 3080 324 1.87 4.00
169.5 2549 392 1.87 3.21
200.0 2168 461 1.87 2.64
235.5 1826 547 1.86 2.13
269.0 1621 616 1.87 1.82
305.0 1459 685 1.89 1.58
345.2 1301 768 1.90 1.35
WEISS CONSTANT,THETA -  -8 DEGREES KELVIN
★  ★  * * 
TRlS(BENZlMIDAZOLE)COPPER(lI) BROMIDE
TEMP CHI^o 1 /CH 1 MU CHI G
76.5 4553 219 1.63 7.31
91.0 3904 256 1.69 6.13
10 .0 3314 301 1.70 5.16
130.5 2805 356 1.72 4.28
163.3 2297 435 1.74 3.40
200.5 1876 533 1.74 2.67
240.3 1612 620 1.77 2.22
281.2 1378 725 1.77 1.81
313.8 1282 779 1.80 1.65
343.5 1162 860 1.79 1.44
WEISS CONSTANT,THETA -  -18 DEGREES KELVIN
* & * *
TRIS(2-THIOMETHYLBENZIMIDAZOLE)BIS(COPPER(II)) BROMIDE
TEMP CH 1 * / 0  6 1 /CH 1 MU CH I G
76.5 4298 252 1.63 8.58
86.0 3892 256 1.64 7.71
97.0 3498 285 1.65 6.87
109.8 3137 318 1.67 6.10
130.0 2700 370 1.68 5.17
160.0 2225 449 1.69 4.16
198.0 1805 553 1.70 3.27
240.2 1507 663 1.71 2.63
279.3 1329 752 1.73 2.25
320.7 1187 841 1.75 1.95
359.5 1057 945 1.75 1.6 "
399.3 950 1052 1.75 1.45
440.0 811..... ...1233 1.70 1.15
WEISS CONSTANT,THETA - -11 DEGREES KELVIN
Figure 30a
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DI CHLOROQUINOXALINECOPPER( I I )
TABLE 9H
TEMP CH 1 y / 0 * 1/CHI MU CH1
76.5 4179 239 1.61 15.11
87.5 3690 270 1.61 13.26
100.0 3403 293 1.66 12.18
114.5 3117 320 1.70 11.10
140.7 2664 375 1.74 9.39
165.5 2302 434 1.75 8.02
195.5 2005 498 1.78 6.90
232.0 1731 577 1 .8 0 5.86
272.5 1482 674 1.80 4.92
314.0 1319 757 1.83 4.30
353.7 1 188 841 1.84 3.81
376.5 1123 890 1 .8 5 3.56
W EISS CONSTANT,THETA
-4*v'A1II DEGREES KELVIN
•A- ^/\ /\ /\
TABLE 91
d ib r o m o q u in o x a l in e c o p p e r ( I I )
TEMP ch y / o ° 1/CH 1 MU CHI G / / 0
80.0 3912 255 1.59 10.52
8 \ 0 3642 274 1 .61 9.75
98 ;5 3374 296 1.64 9.00
112.5 3073 325 1 .6 7 8.14
127.5 2815 355 1.70 7.41
149; 5 2476 403 1.73 6.46
178.7 213 3 468 1.75 5.49
205.0 1889 529 1.77 4.80
23 3.5 1672 598 1.77 4.18
27 4; 0 1450 689 1.79 3.55
307.3 1316 759 1.81 3.17
333.2 1229 813 1.82 2.93
W EISS CONSTANT,THETA = -33 DEGREES KELVIN
9 9
5000 Figure 30c
TABLE 9J
D INITRATOQUINQXALINECQPPER(I I )
TEMP CH \yjD 1 /CH I MU CH1 G Jt/e>
77.5 4892 204 1.75 15.29
83; 5 4569 218 1.75 14.25
92.3 3353 259 1.69 11.93
98.5 3 351 259 1.75 11.92
100.0 3 '7 2 258 1.77 11.99
115. 4 3576 279 1.82 11.03
141.7 2999 333 1.85 9.16
166.5 2576 3 3 1.86 7.79
196.5 2194 455 1.86 6.55
231.0 18 30 531 1 .8 7 5.54
272.5 1631 613 1.89 4.73
313.2 1420 704 1.89 4.05
364.5 1232 811 1.90 3.44
W EISS CONSTANT,THETA = -22 DEGREES KELVIN
^  ^/ \  /V  /V  / \
TABLE 9K
SULPHATOQUINOXALINECOPPER(II) TETRAHYDRATE
TEMP CH 1 f t o 1 / CH I MU CH 1 G-x/0
75.0 6311 158 1.95 16.82
89.5 5309 183 1.96 14.05
103.7 4674 213 1.9 1 2.30
122.5 4039 247 2.00 10.54
152.5 3276 305 2.01 8.43
200.5 2464 405 2.00 6.19
249; 3 2014 496 2.01 4.95
300.5 1702 587 2.03 4. OP.
W EISS CONSTANT,THETA = -7 DEGREES KELVIN
/V
1 0 1
TABLE 9L
DICHLORO 2,3-DIPHENYLQUINOXAUNECOPPER( I I )
TEMP CH 1 >jO 1 /CH 1 MU CH I G r / o
81.0 4989 200 1.80 6.57
91.5 4591 217 1.84 6.00
101.6 4161 240 1.85 5.39
115.0 37 47 266 1.86 4.80
131.5 3301 302 1.87 4.16
152.0 2845 351 1.87 3.51
181.3 2392 418 1.87 2.86
210.0 2008 497 1.84 2.31
240.0 1779 562 1.86 1.98
290.6 1459 685 1.85 1.52
341.0 1281 780 1 GO I • OO 1.27
W EISS CONSTANT,THETA = -3 DEGREES KELVIN
^  ^  /\ /V A
TABLE 9M
DIACETATOQUINUXALINECOPPER(I I )
TEMP CHI <10 1 /CH 1 MU CH I G x/O
78:0 143 6973 .30 -. 16
90.0 161 6198 .34 -.10
100.0 212 47 07 .41 .06
115:0 301 3317 .53 .34
135.0 408 2450 .67 .69
160:0 544 1835 .84 1.12
190.0 670 1491 1.01 1.53
230:0 767 1302 1.19 1.84
270.0 823 1213 1:34 2.02
300.0 845 11 ’2 1.43 2.09
330.0 838 1192 1.49 2:07
350.0 846 1180 1.55 2.09

r o 4
HYDR0X0(2,3-DIHYDR0XYQUI!'!0XALIMAT0)DIAMMINEC0PPER( I i) Tr | hydrate
TABLE 9N
TEMP CH I ,tO 1 /CH 1 MU CH 1 G
78.0 4716 212 1.72 13.66
89.0 3932 251 1.69 11.44
100.0 3635 275 1.71 10.39
115.5 3336 299 1.76 9.48
131.5 3046 323 1.80 8.60
151.0 267 3 374 1.80 7.47
189.4 2110 473 1; 30 5.76
234.0 1744 573 1.81 4.65
270.5 1519 658 1.82 3.97
295.5 1394 717 1.82 3.59
W EISS CONSTANT,THETA = -16 DEGREES KELVIN
«JU/ >  A  / >
TABLE 90
B I S ( 2 ,3“ DIHYDROXYQUINOXALI NATO)DIAMMI NECOPPER(I I )
TEMP CH 1 /10 1 /CH 1 MU CH 1 G * / 0
80.0 6355 157 2.02 14.80
91.5 4189 23? 1.76 9.64
105.0 3884 257 1.31 3.92
125.5 3409 293 1.86 7.79
150.5 2391 345 1.87 6.55
181.0 2430 411 1.88 5.45
210.5 2092 477 1.88 4.65
249.0 1767 565 1 .8 “ 3.8'~
292.5 1538 650 1.90 3.33
W EISS CONSTANT,THETA = -7 DEGREES KELVIN
*5,000 X Figure 3~Tb
X X
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TABLE 9P
D ICHLOROBIS(BENZOXAZOLE)COPPER( I I )
TEMP CH 1 1 /CH 1 MU CH I G
80; 5 5111 195 1.82 1 3.0890.0 9728 211 1.85 12.05100.0 9251 235 1.85 10.77115.0 3735 267 1.86 9.38190.0 3196 317 1.88 7.80
180.0 2969 905 1.89 5.97220.0 20 32 992 1.90 9.81
260.0 1736 575 1.91 9.02300.0 1991 6?0 1.90 3.36
350.0 1369 730 1.97 3.09
W EISS CONSTANT,THETA = -19 DEGREES Ke l v in
TABLE 9Q
DIBROMOBIS(BENZOXAZOLE)COPPER( I I )
TEMP CHI u lO 1, 1 /CH 1 MU CHI G */Z>
7 9; 9 9928 202 1.78 10.12
90.0 9393 230 1.78 8.85
100.0 3997 253 1.78 7 - 99
115.0 3981 287 1.80 6.98
190;0 2991 339 1.82 5.81
180;0 2325 929 1.89 9.98
220.0 1917 521 1;89 3.59
260;0 1638 610 I .85 2.99
300.0 1927 700 1.86 2.53
390.0 1301 768 1.89 2.26
W EISS CONSTANT,THETA = -15 DEGREES KELVIN
/> /\ A
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TABLE 9R
d in it r a t o b is ( b e n z o x a z o l e ) c o p p e r ( I  I )
TEMP CH 1 y/D  e 1 /CH 1 MU CH I G
78.0 5054 197 1.78 11.34
88 ;0 4480 223 1.78 9.99
98.5 4028 248 1.7 9 8.92
1 20.0 3369 296 1.81 7.33
150.0 2757 362 1.8 3 5.94
190.0 2236 447 1.85 4.72
230.0 1852 539 1.85 3.81
270.0 1625 615 1.8 3 3.28
310.0 143 3 697 1.89 2.83
350.0 1229 813 1.86 2.35
W EISS CONSTANT,THETA = -13 DEGREES KELV1N
TABLE 9S
DINITRATOBIS(BENZOXAZOLE)COPPER( I I )  DIHYDRATE
TEMP CH 1 ■*/(> L 1 / CH 1 MU CHI G
82.0 5054 197 1.83 10.39
92.0 4402 2 T J 1.81 8.98
105.0 3924 254 1.82 7:95
1 20.0 3471 28 1:83 6.97
150:0 2834 352 1.85 5.59
191.5 2277 433 1:88 4.38
230.0 1908 523 1 O O 1 ,ou 3.53
270.0 1644 608 1.89 3:01
310.0 1467 681 1.91 2.63
W EISS CONSTANT,THETA = -14 DEGREES KELVIN
/\
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F IG U R E  3 2
A possible polymeric structure for the diamagnetic complex 
dichloro(2,21-dithiobisbenzothiazole)copper (il) .
110
Diamagnetic Copper(il) Complexes
Two very strongly interacting complexes of copper(ll) 
were prepared. The demagnetization is sufficient to maintain 
near diamagnetism up to 350°K. Both complexes are of sulphur 
containing ligands.
Dichloro(2,29-dithiobisbenzothiazole)copper(II) exhibits
—6constant magnetic susceptibility, 60 x 10 c.g.s. units, 
from 350 to 200°K; below 200°K the susceptibility slowly 
rises to reach 500 x 10~^ c.g.s. units at 80°K. This rise 
at low temperatures may be due to paramagnetic impurities 
such as uncomplexed copper(il) chloride adsorbed on or 
included in the amorphous powder of the complex.
The room temperature data are = -.25, iC^^M ^
c.g.s. units andju = 0.M+ B.M. at 295°K. The temperature 
variation data are shown in Table 10a.
Bromo-2-thiobenzoxazolatocopper(II) has a constant
—6magnetic susceptibility of about 20 x 10 c.g.s. units in 
the range 80-360°K. The room temperature data are lCT̂ i= -.29 
ichji = 25 x 10-^ c.g.s. units and /j. - .2U B.M. at 294°K.
The temperature variation data are shown in Table 10b.
Both the above complexes are insoluble in nitrobenzene 
and other simple organic solvents. To ensure the complexes 
were not of monovalent copper the visible-near infra-red 
reflectance spectra were recorded. A broad absorption band
n i F IG U R E  3 3
Linear polymeric structures (above and "below) for 
dichloro(2,2’-dithiobisbenzothiazole)copper(II). 
The two structures differ only in the mode of 
chelation of the organic ligand.
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is noted in the region 20,000—10,000 cm  ̂ and is interpreted 
Q-S being indicative of distorted octahedral stereochemistry.
For dichloro(2,2*-dithiobisbenzothiazole)copper(II) the 
possible structures include a simple ligand bridged polymer 
(Figure 32 ) with square planar copper(II), and two further 
polymers (Figure 33 a and b) with octahedral copper(II). The 
latter two may involve either nitrogen and sulphur co—ordin—
—ated in five-membered rings Figure 33 (a) or two sulphur 
atoms co-ordinated to copper(II) in similar but not identical 
five-membered rings Figure 33 (b).
A polymeric chain structure may be proposed for bromo- 
-2-thiobenzoxazolatocopper(II) (Figure 3k (a)) or a simple 
binuclear structure with bridging sulphur atoms (Figure 3k b) •
The latter structure would be highly sterically strained 
because it involves three adjoining four-membered rings.
For this reason the polymeric chain structure (Figure 3k a) 
is favoured. The polymeric layers may be stacked to allow 
distorted octahedral copper stereochemistry as predicted 
from the visible-near infra-red reflectance spectrum.
A further structure, allowing closer approach of the 
copper(II) ions, is the polymer shown in Figure 35 • This 
structure may lead to appreciable exchange interaction 
tending toward diamagnetism as was noted by Misumi and Koyi07 
who proposed a sulphide bridged binuclear structure for a
113 FIGURE 34
(a) Possible polymeric structure for
bromo-2-thiobenzoxazolatocopper(ll) .
(b) Binuclear structure for bromo-2-thiobenzoxazolato- 
—copper(II). The structure is not favoured because 
of the strain expected in three adjacent four— -membered rings.
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stilbenedithiol copper(ll) complex. The conformation of the 
benzoxazole nucleus of this ligand is such that it may extend 
the polymer, as drawn, into an infinite two dimensional 
structure through the available nitrogen and oxygen atoms. 
This then would satisfy the distorted octahedral stereochem­
istry required by the visible-near infra-red reflectance 
spectrum.
115 FIGURE 35
Polymeric structure, with square planar copper 
stereochemistry, for the complex 
hromo-2-thiohenzoxazolatocopper(II) .
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TABLE 1CA
2-THI0BENZ0XAZ0LAT0C0PPER(I I )  BROMIDE
TEMP CH I 1 /CH 1 MU CHI G -A fC t
80.5 27 361 20 -.13 - .2 «
90.0 25 391 ̂ 0 .14 -.29
105:0 16 60184 .12 -.32
1 25:0 11 84335 .11 -.34
155.0 20 49247 . 16 -.31
190.0 21 47433 .1a -.31
230.0 26 37163 '.22 - .29
280.0 22 45145 .22 -.30
330.0 36 2730 .31 -'.25
380.0 27 36896 .29 -.29
TABLE 10B
D i CHL0R02,2-DITHIOBISBENZOTHIAZOLECOPPER(I I )
TEMP CHI 1 / CH 1 MU CH 1 G
80.0 528 1892 .58 .71
89.5 390 2561 .53 :41
100-.0 292 3419 .49 .20
1 1 3 . 7 234 4271 .46 .08
1 2 9 . 5 236 4236 .50 .08
150 .0 160 6218 .44 -.08
183.5 118 8426 .42 -.17
218.0 81 12239 .38 -.25
259:0 34 29104 .2? -.35
298.0 ' 80 12437 .44 —. 25
340.0 49 20030 .37 -.32
FIGURE 36
The linear structure proposed for
hydroxo(2-mercaptobenzothiazole)copper(i).
Possible ionic trimer, with linear copper(l) 
stereochemistry, for the complex trishydroxobis(2,2f- 
—dithiobisbenzothiazole)tricopper(I) • The structure 
is not supported by conductivity data.
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Complexes of Monovalent Copper
Two monovalent copper complexes were prepared. Both 
complexes were derived from copper(II) bromide and sulphur 
containing heterocyclic ligands. The reduction of copper(II) 
to copper(i) in the presence of heterocyclic ligands in hot
alcohol has previously been reported by Lever, Lewis and
-.-r , 108,109Nyholm 9 J.
The yellow to orange colours of the complexes indicated 
that copper(l) was present and visible-near infra-red 
reflectance spectra showed no absorption in the range 16,000­
-6,000 cm where bands for copper(II) are normally observed. 
The complexes are insoluble in nitrobenzene and other organic 
solvents.
Hydroxo(2-mercaptobenzothiazole)copper(I) and 
trishydroxobis(2,2’-dithiobisbenzothiazole)tricopper(i) are 
diamagnetic. Considering the usual linear co-ordination of 
copper(i) a structure for the former complex may be postulated 
and is shown in Figure 36 . A polymeric structure with bridg­
i n g  benzothiazole, Cu— J?— Cu , and ionic hydroxide ions 
is not consistent with the observed insolubility.
An ionic structure proposed for Cu-^COH)^ is shown in 
Figure 37 . This structure is not supported by conductivity 
data due to the insoluble nature of the complex. Several 
polymeric structures may be suggested and are schematically
119
FIGURE 38
2,2* -dithiohishenzothiazole
(a) & (h) Possible polymeric structures for the complex 
trishydroxohis (2,2* —dithiohishenzothiazole) tricopper(I)
12C
shown in Figure 38a and b. However models constructed for 
these structures are either highly sterically strained or 
involve unusual stereochemistries of copper(I). No 
immediately favourable structure is postulated.
m
TABLE ICC
T R IS(HYDROXO)B I S ( 2 , 2-D ITH I OB ISBENZOTHI A Z O LE )T R 1C O P P ER (I)
TEMP CH1a/D6 1 /CH 1 MU CH1 G yfQ
80-.0 79 1 2527 :23 -.1390.0 68 14689 .22 -. 16105'.0 64 15611 .23 -.17130.0 51 19358 .23 -.20180.0 35 27867 :23 -.24230.0 20 49884 .19 - .2 32o0.0 37 26-̂ 47 '.29 -.24330.0 51
«.u
4 \
19334
"k
TABLE 1 CD
.37 -.20
HYDR0X0-2-M ERCAPT0BENZ0THlAZOLECOPPER(I)
TEMP CH 1 t/Oé 1 /CH 1 MU CHI
78.0 28 35422 .13 - .2 9
90.8 15 6 5 6 3 O ;11 - .3 4
116.0 17 56999 ;13 - .3 3
133.0 23 42344 . 16 -.31
157.5 23 423 44 .17 -.31
190.5 1 6 61697 : 16 - .3 4
225.5 19 52627 .1 9 -.33
265.5 23 42563 .22 -.31
312 .0 19 51637 ;22 -.33
360.0 23 42563 .2 6 -.31
*1*4\ 4\
1 22
(a)
FIGURE 39
Monomeric structure of hydrated (or solvated) 
copper(ll) complexes of Schiff-bases derived 
from salicylaldéhyde and o^-amino acids.
The hinuclear structure proposed for the 
anhydrous complexes of the above.
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Bivalent Copper Complexes of Tridentate Schiff-Bases
. . 110Kishita, Kubo and Nakahara have recently reported
the poom temperature magnetic properties of various copper(Il) 
complexes with the Schiff-base derived from salicylaldéhyde 
and glycine. Their results indicated that molecular 
rearrangements occur with dehydration. The magnetic moments 
of the hydrated complexes are in the range expected for 
divalent copper, viz 1.8-2.1 B.M. The anhydrous complex,of 
which they isolated two moieties have magnetic moments 
suggestive of magnetic exchange interaction. For the 
hydrated and anhydrous complexes Kishita et.al. have 
postulated monomeric and binuclear structures respectively 
(Figs. 39a and h). The hinuclear arrangement is markedly 
similar to the structure elucidated for acetylacetonemono- 
-(o-hydroxyanil)copper(ll) ^. Gruber examined the 
anhydrous N-salicylideneglycinatocopper(II) as a precursor to 
further Schiff-base complexes. He obtained results similar 
to those reported here.
112Nakao, Sakurai and Nakahara prepared a number of 
hydrated copper(II) complexes of Schiff-bases derived from 
salicylaldéhyde and oc-amino-acids (other than glycine). The 
preparation and analyses only were reported.
In view of the structural changes that apparently 
accompany dehydration, the present investigation was undertaken 
with the aim of preparing and examining monomeric and 
binuclear complexes of tridentate Schiff-bases.
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The complexes are considered in two groups, the 
magnetically normal complexes in group A and the magnetically 
interacting complexes in group B. Table 11 contains the 
room temperature magnetic data of the complexes in these 
groups. The temperature variation magnetic data and 
corresponding susceptibility and moment curves appear in 
Table 12 and Figures 1+1 a to 1+1 h respectively.
Table 11
Room Temperature Magnetic Data of 
Schiff-Base/Copper(II) Complexes
C O M P L E X 1 0 % \ 0 % jum. T*K
Ai (Salal-L-glut)aquocopper(II) .2H20
---vf
3.52 1i+50 1.87 297
Aii (Salal-L-leuc)aquocopper(il) ^H20 ¿+.07 1i+65 1.88 296
Aiii (Salal-L-leuc)pyridinecopper(II) 3.77 1600 1.95 295
Aiv (Salal-gly)pyridinecopper(II) ¿+.33 1512 1.89 297
Bi (Salal-L-glut)aquocopper(II) 3.58 1315 1.77 298
Bii Salal-L-glut-eopper(ll) ¿HgO 3.¿+3 1225 1.70 293
Biii Salal-L-leuc-copper(ll) iH20 3.18 1110 1.63 297
Biv Salal-gly-copper(ll) 2.86 770 jk-1.36 296
110*yu = 1.33 B.M. 1 , 1.30 0 „ 111 B.M.
L-glut = L-glutaminato, L-leuc = L-leucinato, gly = glycinato,
salai = salicylaldéhyde.
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The magnetically normal complexes, those with water 
°r pyridine adducts, are expected to he structurally very 
similar to the hydrated complexes described by Kishita 
et.al. .(Pig. 39a)• The monomeric structure postulated 
by those workers is applicable to the four complexes of 
group A. The basic structural unit for these complexes is 
a square plane constituted by the tridentate Schiff-base
and a co-ordinated pyridine or water molecule.
The removal of water from complexes Ai and Aii yielded
a variety of partially dehydrated samples which are listed
in group B as i-iii. Apart from salal-gly-copper(ll) no
other complex was obtained as a purely anhydrous complex.
More drastic dehydration procedures than those quoted
110by Kishita et.al. , involving prolonged heating (72 hours
at 110-120%) over phosphorus pentoxide at reduced pressure,
yielded only the hemihydrates Bii and Biii. These hemi-
-hydrates were refluxed in 2,2-dimethoxypropane which reacts
irreversibly with water; no dehydration occurred. (Salal-
-L-leuc)pyridinecopper(II) was subjected to heating at
reduced pressure. After three days at 116 * 2°C the complex
still contained pyridine: at 122°C the complex decomposed
to a brown powder of no definite stoichiometry. This
contrasts to the ready loss of all pyridine on heating the
pyridine adducts of tridentate Schiff-base copper(II)
113complexes investigated by Kokot •
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The low magnetic moments and curved magnetic moment/ 
temperature plots of the partially dehydrated complexes are 
indicative of antiferromagnetic exchange interaction.
The experimental magnetic results for salal-L-leuc- 
-copper(ll) he mi hydrate (Figure Mh) were checked on a 
second independent sample and the discontinuity in magnetic 
susceptibility at approximately 115°K was reproduced. A 
similar but much less marked discontinuity occurs at about 
95°K for salal-L-glut-copper(ll) hemihydrate. It was 
possible to reproduce the experimental susceptibility/ 
temperature curves, including discontinuities, by assuming 
that the ,,hemihydrates,t are a mixture consisting of binuclear 
clusters interacting antiferromagnetically according to the 
Bleaney-Bowers equation and of a magnetically normal 
modification obeying the Curie Law.
Considering the small variation in Tc throughout the 
copper(ll) alkanoate series , the further assumption, that 
Tc for the interacting portion of the mixture is of the order 
of Tc for salal-gly-copper(ll), was required. The experiment­
a l  susceptibility/temperature curve was matched by a trial 
and error procedure involving addition of various percentages 
of Curie Law behaviour-from the parent hydrated, magnetically 
normal complex — to a composite percentage of the antiferro— 
-magnetic component.
Figure ¿4-0
A composite curve of for 65% Bleaney—Bowers
behaviour and 35%° Curie Lav/ behaviour with a set of 
experimental data superimposed. Although a precise 
correlation is not achieved the observed discontinuity 
at ^115 K is reproduced in the composite curve.
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For salal-L-leuc-copper(II) "hemihydrate" a good 
correlation was obtained for 35% Curie Law and 65% Bleaney- 
-Bowers behaviour (Fig. 40 ), the Bleaney-Bowers component 
being constructed for Tc = 300°K. The structures of the 
components of the complex are expected to correspond to those 
postulated "by Kishita et.al. and shown in Figure 39 a and b.
In attempting to dehydrate (salal-L-glut)aquocopper(ll) 
dihydrate, a stage was reached where two moles of water had 
"been removed: the assumption being that the remaining 
complex was (salal-L-glut)aquocopper(ll)(Bi). The magnetic 
behaviour of this complex was expected to be similar to that 
of the pyridine adducts of group A because of the availability 
of four co-ordination sites, precluding the necessity for 
dimerization to satisfy the copper stereochemistry. Normal 
paramagnetism was not observed.
The temperature variation magnetic data of this ,faquo,f 
copper(II) complex are consistent with the complex being a 
mixture of a monomeric aquocopper (II) complex ( 75%) and a 
binuclear cluster ( 23%) • It is evident that both dehydration 
of the parent monomer Ai, and dehydration and rearrangement 
to the binuclear species are occurring simultaneously.
For the three complexes, Bi-iii, described above, the 
names used are only convenient labels and are not meant to 
have structural implications because of the mixtures they
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represent. Graddon ^ indicated that the dehydration of
complexes CuLg^HgO, where LH is methyl or ethyl salicylate,
was preceded hy decomposition; also Hall et.al.115 reported
decomposition prior to dehydration for Cu(dmp)2 XgHpO, where
dmp is 2,9-dimethyl-1,10-phenanthroline and X is NO,-, Cl­- -3
oi* Bi* • (Foi* X = Cl the structure has recently been 
®-L̂ -Cicl3.te& "by Preston and Kennard This information
serves as an indication of the difficulties often encountered 
in the dehydration of complexes. In the present complexes a 
structural rearrangement exemplified in Figure 39a and b is 
envisaged.
Salal-gly-copper(ll), the only anhydrous copper(ll)
Schiff-base complex obtained, has been magnetically examined 
111by Gruber . The results of this work are generally in 
agreement with those of Gruber and the applicability of the 
Bleaney-Bowers equation to the magnetic properties of this 
complex is confirmed. The proposed structure is shown in 
Figure 39*b and the experimental points are plotted on a 
Bleaney-Bowers curve in Figure i+1g.
11 k
X
Figure ¿4-1 a
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TABLE 12A
N-SALICYLIDENE-L-GLUTAMINATOAQUOCOPPER(I I ) DIHYDRATE
TEMP CH \x/0 1 /CH 1 MU CHI G*IO
80 .0 5276 189 1 .84 13.83
93.0 4577 218 1.85 11.91
108.0 3 97 6 251 1.86 10.27
133.8 3293 303 1.8 1 3.40
173.6 2516 397 1.88 6; 28
21 it. 5 2037 490 1 .83 4.97
27 6 .4 1631 613 1.91 3.86
341.7 1314 760 1.90 3.00
W E IS S CONSTANT,THETA = -7 DEGREES KELV IN
TABLE 12B
N-SALICYLIDENE-L-LEUCINAlOAQUOCOPPER(I I ) HEMIHYDRATE
TEMP CHI*/£>6 1 / CH 1 MU CH 1 G
78.0 5559 179 1.87 16.52
89.5 4891 204 1.8 14.46
103; 5 4286 233 1.89 12.59
1 22.0 .... ....  3647 274 1.89 10.62
149.5 3030 330 1.91 3.71
200.5 2221 450 1 ; 89 6.21
250.5 1792 557 1.90 4.89
302.3 1506 663 1.92 4.01
340.5 1390 719 1.95 3.65
W EISS CONSTANT,THETA = -8 DEGREES KELVIN
s\
132 X
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TABLE 12C
n- s a l ic y l id e n e g l y c in a t o p y r id in e c o p p e r ( I  I )
TEMP CH 1 1 /CH 1 MU CH 1 G /-/D
76.7 5516 181 1.85 16.66
«3 .5 4813 207 1.85 14.46
97.4 4404 227 1.86 13.18
108.7 3965 252 1.86 11.81
126.5 3444 290 1.87 10.18
141.5 3123 320 1.89 9.17
177.5 2519 396 1.90 7.29
209.5 2152 464 1.91 6.14
235.5 1921 520 1.91 5.42
267.5 1719 581 1.93 4.78
298.5 1553 643 1.93 4.26
328.0 1436 696 1.95 3.90
W EISS CONSTANT,THETA = -13 DEGREES KELVIN
/\ /V a
TABLE 12D
N-SALICYLIDENE-L-LEUCINATOPYRIDI N EC O PPER (II)
TEMP CHU/P 1 /CH 1 MU CHI g m o
76.0 5326 187 1.81 13.53
82.5 4939 202 1.81 12.50
93'.0 4474 223 1.83 11.26
101.0 4194 238 1.85 10.51
121.7 3577 279 1 .8 7 8.87
140.0 3181 314 1.89 7.82
167.0 2715 368 1.91 6.53
198.2 2324 430 1.93 5.54
236.5 2002 499 1.95 4.68
270.0 1777 562 1.97 4.08
299.5 1637 610 1.99 3.71
W EISS CONSTANT,THETA = -24 DEGREES KELV1N
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Experimental points of ")£ 1 plotted on a composite curve of 
75% Curie Law behaviour and 2$% Bleaney-Bowers equation
behaviour. The temperature variation ofyu is also indicated.
• 3000
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Figure ¿j-1f
Salal-L—glut-copper(II) hemihydrate
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Experimental v  values showing the discontinuity at v~95°K, 
The variation ofjjl with temperature is also shown.
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Experimental values of and.yU.for the complex
N-salicylideneglyeinatocopper(II) plotted on a Bleaney- 
—Bowers curve. The theoretical curve is constructed with 
parameters Tc=300°K, g=2.21 and 2J = - 33k cm-1.
(Gruber111 g = 2.1, Tc = 325°K and 2J = -360 cm“1. )
TABLE 12E
n- s a u c y l id e n e -l -g lu t a m in a t o a q u o c o pper ( I I )
TEMP CH 1 1 /CH 1 MU CHI G//2>
75.5 3873 258 1.54 .... 1 1 .1 6 ....
86.0 33 39 295 1.53 9.6s
97.0 3153 317 1.57 3.98
114.8 2858 349 1.63 8.08
141.8 2459 406 1.63 6.88
199:5 1 845 541 1.72 5.01
257.2 1527 654 1.78 4.05
316.7 130 764 1.83 3.33
6
TABLE 12F
N-SALICYLIDENE-L-GLUTAMlNATOCOPPER( I I )  HEMIHYDRATE
TEMP CH 1 /CH 1 MU CHI G.
78.0 2977 335 1.37 3.70
85.0 2780 359 1.38 8.09
95.0 2684 372 1.43 7.79
110.0 2511 398 1.49 7.25
130.0 2246 445 1.53 6.42
161.0 1 982 504 1.60 5.60
190.0 1763 565 1.65 4.93
230.0 1543 648 1.69 4.23
270.0 1367 731 1.73 3.63
310.0 1235 809 1.76 3.27
360.0 1111 900 1.80 2.83
TABLE 12G
N-SALICYLIDENEGLYCINATOCOPPER(I I )
TEMP CH lx/t> 1 /CH 1 MU CH1 G//Z>
76.5 349 2360 .46 .78
83.0 368 2710 .51 : 86
100.5 364 2744 :54 .84
116.5 421 2371 .63 1.08
139.0 503 1965 .76 1.44
167.0 637 1567 .93 1.93
209.0 768 1301 1.14 2.52
251.0 836 1195 1.30 2.80
301.5 858 1165 1.44 2.89
351.4 797 1253 1.50 2.64
Figure U1hX
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Salal-L-leue copper(ll) hemihydrate
Two series of experimental points of 
exhibit the discontinuity at ~~ 1 1 5 °K. 
The variation of jji over the temperature 
range is also shown.
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TABLE 12H
N-SAUCYLIDENE-L-LEUCINAT0C0PPER(I I )  HEM I HYDRATE
TEMP CH 1 r / O 6 1 /CH 1 MU CH1 G > / &
76.5 1734 576 1.03 5.03
81.5 1686 592 1 .05 00Hr • O C
92.5 1579 633 1 .09 4.52
107.3 1545 647 1.16 4.41
112.5 1592 627 1.20 4.57
117.0 1628 613 1.24 4.69
140.6 1583 631 1.34 4.54
178.0 1472 67 9 1.45 4.18
190.8 1381 724 1.46 3.88
215.5 1331 750 1.52 3.71
228.3 1326 753 1.56 3.70
249.3 1289 775 1 .61 3.58
268.5 1233 810 1.63 3.39
297.8 1168 855 1 .67 3.18
&
TABLE 12H
N-SALICYLIDENE-L-LEUCINATOCOPPER(l I ) h em ih y d r a t e
TEMP CH I « tO 6 1 /CH I MU CH 1 G >/<?
78.0 1869 534 1.08 5:47
87.0 1765 566 1.11 5.13
99.5 1694 590 1.17 4.90
113.7 1642 603 1.23 4.73
1 20.0 1661 602 1.27 4.79
132.5 1609 621 1.31 4 .62
147.0 1542 648 1.35 4.40
160.0 1513 660 1.4u 4.31
207.8 1380 724 1.52 3.87
263.8 M S I 754 1:65 3.47
330.5 1094 913 1.71 2.94
/V «
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I. Preparation of Complexes and Ligands:
(i) Quinoxaline Complexes of Bivalent Copper:
(a) Preparation of Ligands:
Quinoxaline was prepared by refluxing equimolar
quantities of 30% glyoxal in water and o-phenylenedi amine.
The solid o -phenylenediamine was slowly added to boiling 
aqueous glyoxal. The reaction mixture was extracted twice 
with chloroform. The combined chloroform extracts were 
concentrated and vacuum distilled. A yield of k0% was 
obtained.
The melting point of 28-29°C compares with those of
11 "7 1 i 8Cavagnol and Wiselogle , 30.5-31.5°C, and Newbold and Spring
32.0°C.
2:3-dihydroxyquinoxaline was prepared according to
118Newbold and Spring • These authors report stability up to 
360°C: similar stability was observed for the present
compound.
■ ' 1 19
2; 3-diphenylquinoxaline was prepared according to Vogel .
The melting point, 125-126°C, compares with 12i+0C quoted by 
Vogel.
2; 3-dichloroquinoxaline was prepared by the method of
120 0 Bergstrom and Ogg • The melting point of 150—151 0 agrees
with 150°C quoted by those authors.
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(b) Preparation of Complexes;
Dichloroquinoxalinecopper(il): A warm ethanolic solution 
of* quinoxaline (*01 moles) was added to a warm ethanolic 
solution of copper(II) chloride dihydrate. The bright green 
precipitate was digested at 70°C before being filtered, 
washed with ethanol and dried over calcium chloride.
Analyses Cu c H N
Pound 23.3 36.2 2.4 10.8
Calculated for
Cu C8H6N2C12 24.0 36.3 2.3 10.6
Dibromoquinoxalinecopper(ll) was prepared usins the
above method. Black crystals were deposited at room
temperature.
Analyses Cu c H N Br
Pound 18.1 27.8 2.0 8.1 44.1
Calculated for 
CuCgHgNgBrg 18.0 27.2 1.7 7.9 45.2
Dinitratoauinoxalinecopper(II) : This complex was prepared
95according to U n d e r h i l l .
Analyses Cu c H N
Pound 19.4 30.2 1.9 17.5
Calculated for 
CuC8H6N4°6 20.0 30.2 2.0 17.7
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Diacetatoquinoxalinecopper(ll) was prepared according 
to Underhill?^
Analyses Cu c H H
Found 20.6 45.8 3.8 8.9
Calculated for
Cu G10H12N2°U 20.4 46.2 3.9 9.0
Sulphatoquinoxalinecopper ( II) tetrahydrate was prepared
according to Underhill.
Analyses Cu c H N h 2o
Found 1 7 . 8 27.1 3.8 7.4 19.5
Calculated for
CnCgH6N2S0^*UH20 17.6 26.6 3.9 7.7 19.9
The dehydration of the above tetrahydrate was carried
95out according to Underhill to yield sulphatoquinoxaline- 
-copper(ll) ; percentage copper found 21 .2; CuCgHgN2SO^ 
required 21 .3%. Difficulty in obtaining the anhydrous 
complex was experienced in this work and that of Underhill 
due to the loss of quinoxaline at temperatures above 1+0 °C.
Dichlorobis(2; 3-diphenylquinoxaline)copper(II): This
complex was prepared by adding a warm ethanolic solution of
2:3-diphenylquinoxaline to a warm ethanolic solution of
copper(II) chloride dihydrate. The olive green complex 
immediately precipitated.
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A n alyses Cu c H NFound 9 .2 68.6 4 .3 7 .7CuC40H28N4C12 req-u ir e S 9.1 68.7 4 .0 8 .0
Bis (2:3-dihydroxy quinoxalinato) diamminecopper (II) : Two 
grams of 2:3-dihydroxyquinoxaline were dissolved in 20mls of 
5M ammonium hydroxide at 80°C and treated with 2 grams of 
copper(II) nitrate trihydrate dissolved in 20mls of warm 5M 
ammonium hydroxide. The deep "blue colour of tetrammine- 
-copper(ll) ion was displaced *by deep green. On cooling, 
and with continuous agitation, green crystals formed. The 
complex was collected, washed with cold 2M ammonia and dried 
over calcium chloride.
Analyses Cu C H N
Pound 15.5 45.5 3.8 20.0
CuCH N̂z-O., requires 15.1 45.8 3.8 20.0
2;3-dihydroxyquinoxalinatodiamminecopper(II) hydroxide 
trihydrate was prepared hy two methods.
(a) Two grams of 2 :3-dihydroxyquinoxaline and two grams of 
copper(II) chloride dihydrate were refluxed in 5M ammonia.
The solution was allowed to stand overnight at room temperature
and green crystals were deposited.
The product was recrystallized from 2M ammonia and dried
for two hours at 0-5°C over calcium chloride. The short 
drying period is necessitated by the efflorescent nature 
of the compound.
(b) The same compound was prepared when copper(II) sulphate 
pentahydrate and 2:3-dihydroxyquinoxaline were refluxed in 
5M ammonia. The complex was collected, recrystallized and 
dried according to method (a) above.
Analyses Cu C H N
Found ( a) 18.5 28.7 5.8 1 5 . 6
Found (b) 20.1 28.8 5.8 15.8
CuCgH^ requires 19.3 29.1 5.5 1 7 .0
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(ii) Schiff-Base Complexes of Bivalent Copper;
(a) Ligands: The Schiff-base ligands used in the
preparation of these complexes were generated in situ
according to Kishita, Nakahara and Kubo110.
(h) Complexes:
N-Salicylidenglycinatocopper ( II) : The method of Kishita 
110et al. was used to precipitate from hot solution the anhydrous
Analyses
Pound
Calculated for CuĈ HyNO-j
et al. obtained various hydrates
.xtures •
Cu c H N
26.0 U4.3 3.1 5.8
26. k ¿44.9 2.9 5.8
N-Salicylideneglycinatopyridinecopper (II) was prepared 
by dissolving N-salicylideneglycinatocopper(ll) in pyridine 
and allowing the solution to stand for several days. The 
dark green crystals were washed with cold aqueous ethanol
and dried at 0-5°C over calcium chloride.
Analyses Cu C H N
Pound 19.8 52.5 3.8 8.6
Calculated for
C u C ^ H ^ N ^  19.9 52.5 3.8 8.8
N-Salicylidene-L-leucinatoaquocopper(II) hemihydrate
. . 110 „was prepared by the method of Kishita et al. and corresponds
112to the complex reported by Nakao et al. •
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Analyses Cu c H N
Found 19.4 47.8 5.7 4.4
Calculated for 
Cu c 13h 15n o 3.i .5h 2o 19.6 48.1 5.7 4.3
N-3alicylidene-L-leucinatocopper(II) hemihydrate was 
prepared “by dehydration of N-salicylidene-L-leucinatoaquo- 
-copper(II) hemihydrate at 100°C over phosphorus pentoxide 
at reduced pressure* The green crystals of the parent
complex crumble to a green powder.
Analyses Cu C H N
Pound 21.4 51 .0 5.3 4.8
Calculated for 
CuC^ ‘¿HgC 21.8 5 1 . 0 5.3 4.6
N-Salicylidene-L-leucinatopyridinecopper(ll) was prepared 
by dissolving N-salicylidene-L-leucinatocopper(ll) hemihydrate 
in pyridine and subsequent crystallization. Addition of 
small amounts of water to the concentrated pyridine solution 
aids the crystallization process. The pyridine adduct was
washed with cold aqueous ethanol and dried over calcium
Chloride.
Analyses Cu C H N
Pound 1 7 . 0 57.1 5.3 7.3
Calculated for 
CuC1sH20N2°3 16.9 57.5 5.4 7.5
1 4 /
N-Salicylidene-L-glutaminatoaquoco-pperf TT̂ rii hydrate:
1 *10The method of* Kishita et al. was used to prepare this complex
• A i pwhich corresponds to the compound reported by Nakao et al. .
Analyses Cu C H N
F(>und 17.5 39.1 1+.8 7.8
Calculated for
CuC12H1Ii.N205#2H2° 39J+ 5.0 7.7
N-Salicylidene--L-glutaminatoaquocopper(II) was prepared 
by dehydration of N-salicylidene-L-glutaminatoaquocopper(Il) 
dihydrate at 100°C over phosphorus pentoxide. The product 
is a deep green powder.
Analyses Cu C H N(i)20.1 43.9 4.2 8.3Found (ii)19.9 44.2 4.1 8.4
Calculated for
CuC.pIL.NpO,- 19.3 43.7 4.3 8.5
N-Salicylidene-L-glutaminatocopper(ll)hemihydrate was 
prepared by further dehydration of the above monoaquo complex 
at 120°C, over phosphorus pentoxide at reduced pressure.
Analyses Cu C H N
Found 19.7 45.0 3.9 8.6
Calculated for
Cu C12H1 2N2(V ^ H2° 19.8 45.0 U.1 8.7
Attempts to prepare the anhydrous complex from the above
hydrates of N-salicylidene-L-glutaminatocopper(il) by 
refluxing in 2:2-dime thoxypropane or heating the solid 
hydrates in vacuum were unsuccessful.
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(iii) Complexes of Bivalent Conner with 
Substituted Heterocyclic Ligands:
(a) Preparation of Ligands
The substituted benzimidazole ligands were prepared by
119the method described by Vogel . More specific details of
121the ligand preparations and properties are given by Phillips ,
123and Hughes and Lions . The sulphur containing ligands and 
benzoxazole were commercially available.
Table 13
Physical Data of Ligands
Substituted Benzimidazole Molecular Melting PointuCFormula Observed Ref.
Benzimidazole = Bz 
2-hydroxymethyl-Bz 
2- -hydroxyethyl-Bz
1- methyl-2-hydroxymethyl-Bz\ 
anhydrous and monohydrate ) 
1 -methyl-2-- hydroxyethyl-Bz
2- -hydro xybenzyl-Bz 
2-mercaptomethyl-Bz
c 7h 6n 2
C8H8N2°
C9H10N2°
C9H10N2°
C9H10N2°*H2°
C10H12N2°
C1^H12N2°
C8H8N2S
17 2 -3
170-1
176-7
1U5-6
106-7
99-100*
201-2
200-1
/H173. . „ 1 7 1 - 2
178-9141
1Ì+3-Ì4-,M
105
80
l& 1202-3
201
Other Ligands
Benzoxazole
2-mercaptobenzoxazole
2-mercaptobenzothiazole
CJ^NO
c 7h 5nos
c 7h 5n s2
29-31 
189-190 
176-7
30*5
196 ,oi . 10 a179
* Microanalyses indicate correct formulation.
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Where the literature revealed no prior preparation of 
the ligand, microanalyses were used to confirm the empirical 
formula of the ligand preparations.
The following substituted benzimidazoles were prepared
121according to Phillips .
2-ft-hydroxy-n-propylbenzimidazole
Analyses C H N MP
Found 68.6 7.0 15.8 197-198°C
C10H12N2° re(3-uires 68.3 6.9 15.9 -
2-oc-hydroxy-iso-propylbenzimidazole
Analyses C H N MP
Found 68.6 6.8 15.7 218—220°C
G10H12N2° re<luires 68.3 6.9 15.9 -
(b) Preparation of Complexes:
The compounds listed in Table 11+ were prepared by a 
common method. The ligand and copper(II) halide, .01 moles 
of each, were dissolved in warm ethanol and slowly combined. 
The precipitation of the product occurred either immediately 
on mixing, or after a short period at 80 C.
The complexes in Table 11+ are reported for the first 
The various ligands are shown in Figure 10 #time.
Table 11+
Microanalytical Data for Complexes of the Type Cu 2+LTX
Molecular Formula Cu Found C H N Cu Calculated C H N OtherAnalyses
CuCgH-^OBr 2 1 . 8 32.8 2 .8 9.2 21 .9 33.1 2.4 9.6
CuGgH—NgOCl 26.6 38.7 3.0 11 .b 25.8 39.0 2.9 11.4
CuCgH^N^OBr 20.6 35 .b 3.1 9.b 20.9 35.4 3.0 9.2
CuCgHgN2CX31 24.4 41.3 3.b 10.9 24.4 41 .6 3.5 10 .8 Br
CuC9H_N2OBr 20.b 35.6 3.0 9.4 20.9 35.4 3.0 9.2 26.6 26.2
CuCqH n 2oc i 2 4.3 41 .b 3.7 1 0 . 6 24.4 1+1 .6 3.5 1 0 .8
0uG11H12N2°3'H20 21 .0 ¿4-3.1 b.6 9.6 21 .0 43.7 4.7 9.3 Br
CuG^H^NgOBr-i^O 1 9 . 8 36.7 3.7 8.6 19.4 36.5 3.5 8.7 24.4 24.4
Cu C10H11W20C1 23.3 43 .2 b.O 9.5 23.2 43.8 4.0 1 0 . 0
Cu C10H12N2°2 2 5 .2 b7.7 b.2 8.2 24.9 47.0 4.7 1 1 . 0 Cl
CuC^H^NgOCl 19.7 5 1 . 8 3.6 7.0 19.7 5 2 .2 3.4 8.7 10.9 11.0s
CuCyH^NOSBr 22.0 29.6 2.0 4.8 2 1 . 7 28.7 1.4 4.8 10.8 10 .9
CuC10H1 1 N20Br*H20 18.7 35.3 ¿4-.0 6.9 18.9 35.7 3.9 8.3
*The compounds listed have not previously been reported.
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Dinitratobis(2-hydroxymethylbenzimidazole) copper (II) 
monohydrate was prepared when copper(II) nitrate in ethanol 
was treated with 2-hydroxymethylbenzimidazole in ethanol and 
the reaction mixture kept at 0-5°C for several days.
Analyses Cu c H N h 2o
Pound 12.8 38.5 3.5 15.7 3.8Cu C16H16N6°8H2° requires 12.7 38.4 3.6 16.8 3.6
Dinitratobis(2-»hydroxymethylbenzimidazole) copper (II) 
was prepared by dehydrating the above monohydrate at 100°C 
over phosphorus pentoxide at reduced pressure. The green 
crystals of the monohydrate crumble to a light green powder.
Analyses Cu C H N
Pound 12.8 40.1 3.8 17.5
CuCl6Hl6N60g requires 13.1 39.8 3.3 17.4
Dinitratobis (2-cc-hydroxyethylbenzimidazole) copp_er(II) 
dihydrate was prepared by treating a solution of copper(II) 
nitrate in ethanol with 2-oc-hydroxyethylbenzimidazole in 
ethanol. The reaction mixture was allowed to stand at 0-5°C
for several days, during which time green crystals were
deposited.
Analyses Cu C H N
Pound 11.2 40.0 k.3 15.0
CuC-i oHonN/rOo *2H90 requires 11.6 39.5 4.4 15.3
15 t
Dinltratobis(N-methyl-2-hydroxymethyrbenzimidazole) 
copper(II) monohydrate was crystallized when ethanolic 
solution of copper(II) nitrate was added to an ethanolic 
solution of N-methyl-2-hydroxymethyTbenzimidazole and cooled 
to 0-5°C.
Analyses Cu C H N
Found 11.9 40.9 ¿+.1 15.9
CuC^gHgo^gOg-I^O requires 12.0 40.8 4.2 15.9
Dibromotris(benzimidazole)copper(II): The complex was 
prepared hy the addition of "benzimidazole in 1:1 ethanol/water 
to warm aqueous copper(ll) "bromide. Purple crystals were 
deposited when the solution was dooled to 0-5°C.
Analyses Cu C H N
Found 10.7 ¿44.0 3.k 14.2
CuCgH^ gNgBr2 requires 11.0 ¿4-3.7 3.1 14.6
Dibromobis (2-phenoxymethylhenzimidazole) copper (II) was 
prepared by adding a warm ethanolic solution of 2-phenoxy- 
-methylbenzimidazole to a warm ethanolic solution of copper(Il) 
bromide. After several hours at room temperature green
crystals formed. These were collected, washed with cold
ethanol and dried over calcium chloride •
Analyses Cu c H N Br
Found 9.3 50.¿4- 3.7 7.9 24.7
CuC28H24N4°2Br2 re<ïüires ^*5 50.1 3.6 8.3 23.8
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Dichlorobis (benzoxazole) copper(II) was prepared according
106to Duff and Hughes . These authors did not stress the 
necessity to keep the reaction mixture cool. In this work, 
black decomposition products were obtained when the reaction
mixture was warmed to about 60°C.
Analyses Cu C H N Cl
Found 17.2 45 .4 3.1 8.0 19.7
Calculated for 
Cu C124.H1 oN2°2C 12 17.0 45.1 2.7 7.5 19.1
Dibromobis(benzoxazole) copper(II) : Although Duff and 
106Hughes were unable to prepare this compound it was prepared 
by their method in this work. It formed dark green crystals 
when the reaction mixture was held at about 16-18°C. The 
complex was washed with cold ether and dried over wax at 
reduced pressure.
Analyses 
Found
CuC1 i4H 10N202Br2 requires 1 3 .8
Cu C H N Br
1 .0 36.5 2.5 6.0 3k.3
36. k 2 .2 6.1 3k. 6
Dinitratobis (benzoxazole) copper (il) was prepared
according to Duff and Hughes* .
Analyses Cu C H N
Found 15.2 38.9 2.5 1 3 . 2
Calculated for 
Cu C1^h 10»4°8 14.9 39.5 2.4 13.2
Mnitratobis(benzoxazole)copper(II)dihydrate was prepared
■by exposure of the above anhydrous complex to the atmosphere.
The hydration was complete within two hours.
Analyses Cu C H N
Pound 14.0 36.6 3.2 12.1
Cu C14H10N2°8*2H2° requires 13.8 36.2 3.1 12.1
Dibromobis(2-cC-hydroxy-iso-propylbenzimidazole) copper (II). 
dihydrate is a green crystalline compound. It was prepared 
when 1:1 ethanol/water solutions of 2-<c-hydroxy-iso-propyl- 
—benzimidazole and copper(II) bromide are combined and chilled 
to 0-5°C. The crystals were washed with alcohol/water mixture 
and dried over calcium chloride.
Analyses Cu C H N
Found 10.9 39.2 4.6 9.1 6.2
r e ^ ? ? ^ V 2 B r 2 ’2H2° 10.4 39.5 4.6
H20
39*5 9.1 5.9
Dichloro-2:2t-dithiobisbenzothiazolecopper(II) : The 
yellow complex was prepared by the addition of hot 3:1 
chloroform/alcohol solution of 2:2,-dithiobisbenzothiazole 
to hot ethanolic copper(il) chloride. The product was washed 
with hot chloroform followed by hot alcohol and dried.
Analyses Cu C H N Cl s
Found 14.1 36.3 •C\J 6.0 14.5 27.0
CuC14H8N2S4Gl2 requires 13.6 36.0 1.7 6.0 15.4 27.5
Tris (2-mercaptomethylbenzimidazole)dicopper(II)bromide 
is a black crystalline complex. It was prepared by adding 
warm ethanolic 2-mercaptomethylbenzimidazole to warm ethanolic 
copper(II) bromide. The black crystals were washed with 
ethanol and dried over calcium chloride.
Analyses Cu C H N s
Found 12.9 30.4 2.9 8.8 10.5
0uoCol Ho.N^S.Br, requires 13.5 30.7 2.6 9.0 10.2
Hydroxo-2-thiobenzothiazolecopper(ll: A warm ethanolic 
solution of copper(II) bromide was added to a warm ethanolic 
solution of 2-thiobenzothiazole. A fine orange precipitate
formed.
Analyses
Found
CuC^HgNOS^ requires
Cu C H N
24.8 34.0 2.1 5.3
25.6 34.0 2.4 5.6
S
25.8
25.9
15(
Bis(2:21 -dithiobisbenzothiazole) tricopper(I)hydroxide: A hot 
1:1 chloroform/ethanol solution of 2:2*-di thiobisbenzothiazole 
was added to a hot 1:1 chloroform/ethanol solution of copper(ll) 
bromide. The yellow complex precipitated immediately and 
was washed with hot chloroform and dried.
Analyses Cu C H N S
Pound 20.5 36.6 2.1 6.0 27.7
Cu3C28H19Ni+03S8 reĉ 1^res 21 *0 37.0 2.1 6.2 28.22.1
II Analytical Methods Employed
15 '
Carbon, hydrogen and nitrogen were determined by Dr. E. 
Challen of the University of New South Wales Microanalytieal 
Laboratory, while sulphur was determined by the Australian 
Microanalytieal Service(Melbourne).
12iiCopper was determined volumetrically fusing disodium
dihydrogenethylenediaminetetraacetate with murexide indicator.
125Halide analyses were carried out potentiometrically .
Ill Physical Properties of Complexes 
The conductivity of the complexes was measured in 
nitrobenzene using a Yanagimoto Conductivity Outfit model 
MY-7 at 1000 c/s and a Phillips Conductivity Cell (PR9512/01).
Hoorn temperature magnetic measurements were carried out
126by the G-ouy method with HgCo(SCN)^ and CuSO^-S^O as 
calibrants. A Mettler Hi6 balance was used. Apparatus 
similar to that described by Figgis and Nyholm2Was employed 
to measure magnetic susceptibility at various temperatures.
Infrared spectra in nujol were obtained on a Perkin-Elmer 
237 Grating Infrared Spectrometer.
Near infrared spectra were carried out on a Zeiss 
PMQ-II spectrophotometer with an RA-3 reflectance attachment.
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